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Entomology of Citrus and its Contribution to 
Entomological Principles and Practices' 


Presidential Address, Sixty-First Annual Meeting, American 
Association of Economic Entomologists 


A. M. Boycs,? University of California, Citrus Experiment Station, Riverside 


It is well known that investigations of 
entomological problems relating to citrus 
in this country have resulted in substan- 
tial contributions to the development and 
elucidation of principles and practices of 
entomology. A discussion of some of the 
most significant of these contributions 
seems appropriate at this Sixty-First 
Annual Meeting of our Association in 
Tampa, if for no other reasons that that 
Florida produces more citrus fruits than 
any other state, and that the speaker has 
been concerned primarily with research on 
citrus in California for more than two dec- 
ades. 

Citrus is considered to be indigenous to 
the subtropical and tropical regions of 
Asia and the Malay Archipelago, whence 
it spread to other parts of the world. It 
is believed that Columbus on his second 
voyage to the New World, 7.e., in 1493, 
brought with him seeds of species of 
Citrus which were planted on the island 
of Haiti. Citrus was introduced into 
Florida, apparently at St. Augustine, 
about 1565, and the commercial develop- 
ment of the citrus industry began there 
about 1821. 

The citrus industry in this country at 
present comprises a total of approximately 
877,000 acres distributed as _ follows: 
Florida, 414,000 acres; California, 317,000 
acres; Texas, 122,500 acres; Arizona, 
19,000 acres; and other states approxi- 
mately 4500 acres. An estimated value of 
the citrus crop in the United States for 
1949 was in excess of 400 million dollars. 

Entomological problems of citrus have 
been important from the beginning of 
commercial citrus culture. Evergreen, 
densely foliated trees grown in a moderate 
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climate, usually in concentrated plantings 
and in relatively large and contiguous 
acreages, afford favorable conditions for 
virtually continuous development of the 
insects and mites concerned. These cir- 
cumstances make chemical control some- 
what more difficult than with deciduous 
fruit trees, especially with reference to the 
selection of insecticides and the dosage 
limitations of their use. Conversely, these 
circumstances may be considered gener- 
ally favorable for biological control by 
entomophagous species. 

In Florida the estimated approximate 
annual expenditure for pest control on 
citrus is 5.5 million dollars, while in 
California it is 6.5 million dollars. In 
Texas and Arizona the annual expenditure 
for pest control is relatively small. The 
cost of pest control in both Florida and 
California represents a very important 
item in the cost of producing the crop. In 
California it is the most costly single item 
in production. 

Several historical aspects of the agri- 
cultural activities of the federal govern- 
ment, even prior to the creation of the 
Department of Agriculture, reflect the 
early importance of citrus insects. Among 
the duties of Townend Glover, the first 
official Federal Entomologist employed by 
the U. S. Patent Office in 1854, was to 
study injurious and beneficial insects on 
orange trees in Florida. After the forma- 
tion of the U. S. Department of Agricul- 
ture in 1862 and the establishment of the 
Division of Entomology of that Depart- 
ment in 1878, Professor J. I]. Comstock, 

1 Paper No. 656, University of California Citrus Experiment 
Station, Riverside, California. 


2 Professor of Entomology and Entomologist in the Experi- 
ment Station. 
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as Official entomologist during the years 
1879 and 1880, made an extensive study 
of the scale insects of fruit trees, with 
especial reference to citrus in Florida and 
California. These investigations were in- 
cluded i in his classical ‘‘Reports on Scale 
Insects,”” the first of which appeared in 
the Report of the U. S. Commissioner of 
Agriculture in 1880 (Comstock 1881). 
These reports constitute the first general 
work on scale insects in the United States. 

In the early 1880's the Congress ordered 
a special study of the “Insects Affecting 
the Orange.” H. G. Hubbard was em- 
ployed as special agent to conduct these 
investigations, which were carried out in 
Florida during the period 1881-1884. 
Hubbard’s classical work was published 
by the U. S. Department of Agriculture, 
Division of Entomology, in 1885, under 
the title mentioned above. It would be 
stimulating to any present-day entomol- 
ogist who has not already done so to 
study Hubbard’s work carefully. Nearly 
every phase of modern agricultural en- 
tomology is encompassed in a manner that 
must be considered extraordinarily sci- 
entific for that time. He carefully studied 
and clearly described the insect and mite 
fauna of orange trees, differentiating the 
injurious species from the parasites and 
predators. Moreover, he recognized the 
value of entomophagous species as a check 
on the populations of injurious species. 
Not only was his biological work oustand- 
ing, but his control investigations repre- 
sented great vision. In addition to per- 
fecting the kerosene emulsion formula 
known as the Riley-Hubbard formula and 
appraising the merits and limitations of 
its use on orange trees, he conducted ex- 
periments with practically all materials 
that were considered to have possibilities 
as insecticides. Included were fumigants 
and possible systemic insecticides. 

Other highly significant aspects of early 
federal activities relating to citrus insects 
in California were: (1) the introduction 
by Koebele and Coquillett, in 1888, from 
Australia, of Cryptochaetum iceryae (Will.) 
and of the vedalia, Rodolia cardinalis 
(Muls.), which proved so effective against 
the cottony-cushion scale, Icerya purchasi 
Mask., that was then threatening the 


existence of the citrus industry; and (2) 
the discovery by Coquillett, in 1886, that 
HCN fumigation would kill the cottony- 
The latter discovery was 


cushion scale. 
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the beginning of the development of this 
important method, which has been in con- 
tinuous use since that time, for the con- 
trol of other scale insects on citrus. 

The most important pests of citrus in 
this country are scale insects, whiteflies, 
mealybugs, and mites, all of which are 
almost certainly of foreign origin. (For 

a general treatment of citrus pests, see 
Bs le 1938b,! Boyce 1948, Ebeling 1950.) 
A notable exception is the citrus thrips, 
Scirtothrips citri (Moult.), which is the 
only pest of major importance in Arizona 
and is a pest of major importance also in 
California. This thrips probably is native 
to the California-Arizona region. The 
spirea aphid, Aphis spiraecola Patch, also 
should be mentioned as an exception to 
the general statement. Although the range 
of climatic conditions where citrus is 
grown commercially may not appear 
great, the variation is sufficient to influ- 
ence profoundly the establishment of the 
various species and also their economic 
status. The effect of climate on the status 
of various species in California is striking 
and particularly significant. The economic 
status of the major species affecting citrus 
in Florida, California, and Texas has 
changed considerably over the years, 
evidently due in part to factors other than 
climate. 

In Florida during the past few years the 
most important species have been the 
following: purple scale, Lepidosaphes beckii 
(Newm.); citrus rust mite, Phyllocoptruta 
oleivora (Ashm.); citrus red mite, Para- 
tetranychus citri (McG.), commonly re- 
ferred to as the purple mite in Florida; 
Florida red scale, Chrysomaphalus ficus 
Ashm.; citrus whitefly, Dialeurodes citri 
(Ashm.); and cloudy-winged whitefly, 
Dialeurodes citrifolii (Morg.). In 1922, 
Yothers attributed more than 95 per cent 
of the total damage caused to citrus to six 
species, listed in the following order of 
destructiveness; citrus whitefly, purple 
scale, citrus rust mite, Florida red scale, 
cloudy-winged whitefly, and six-spotted 
mite, T'etranychus sermaculatus Riley. As 
late as 1937, Watson & Berger (1937), in 
their thorough treatment of citrus ento- 
mological problems in Florida, indicated 
1 Professor H. J. Quayle was active in research on citrus ento- 
mological problems durin the period 1910 to 1943. In addition 
to his work in C albania made limited studies in practically 
all citrus growing regions of the world. His outstanding researches 
embracing all phases of citrus entomology which were published 


in many bulletins and technical papers have been summarized 
in his book “Insects of Citrus and Other Subtropical Plants.” 
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that the six most important species are 
purple scale, citrus rust mite, citrus white- 
fly, Florida red scale, green citrus aphid 
or spirea aphid, and cloudy-winged white- 
fly. It is of especial interest to note that 
neither the citrus red mite nor the six- 
spotted mite was included among the 
major pests. In fact, of these two species 
the latter was considered the more im- 
portant in 1922, 

It is evident that there has been a re- 
markable change in the status of the im- 
portant pests over the past decade. The 
reasons for this change are probably re- 
lated principally to improved nutrition of 
citrus trees generally throughout Florida. 
During the late 1930’s there was put into 
general practice the application of mineral 
elements such as manganese, magnesium, 
zinc, and copper, which has corrected de- 
ficiencies of these elements in the trees 
and produced more vigorous growth and 
otherwise more favorable tree develop- 
ment. It should be mentioned that copper 
had previously been used for many years 
as a fungicide. Healthy dense foliage af- 
fording abundant shade, together with the 
presence on the foliage of residues of nu- 
tritional spray materials, appears to have 
created more favorable conditions for 
certain pests such as the citrus red mite, 
the purple scale, and the Florida red scale 
in particular (Thompson 1939). 

The early history of certain citrus in- 
sects in Florida parallels in many respects 
the early history of other species in Cali- 
fornia and illustrates the striking change 
in the status of these pests since the early 
days. An interesting example is the Glover 
scale, Lepidosaphes gloveri (Pack.), which 
was the first important pest of citrus re- 
corded in Florida. It was known as the 
“long scale’ or ‘‘mussel-shell scale.” 
Ashmead (1880) places the date of intro- 
duction at 1835 and states that the in- 
fested trees were imported from China. 
The insects spread fairly rapidly, and 
Browne (1846) states: ‘‘Various remedies 
have been tried to arrest their progress, 
such as fumigating the trees with tobacco 
smoke, covering them with soap, lime, 
potash, sulfur, shellac, glue, and other 
viscid and tenacious substances mixed 
with clay, quick-lime, salt, ete.; but all 
have failed, partially or entirely, and it 
appears not to be in the power of man to 
prevent the ravages of these insignificant 
and insidious destroyers. Most of the 
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cultivated Orange-trees in Florida have 
already been impaired by them, their tops 
and branches having been mostly de- 
stroyed. ...”’ In addition to the afore- 
mentioned materials tried for control of 
Glover scale, Glover (1856) mentioned a 
wash composed of whiskey, aloes, and 
water, which was earnestly recommended 
during the 1855 season. Glover (1859) 
pointed out the complete absence of para- 
sites on this scale but mentioned the ef- 
fectiveness of chalcid parasites on native 
species of scale insects. Ashmead (1880), in 
discussing Glover scale, comments as fol- 
lows: “In a few years, it had spread to the 
groves throughout Florida, carrying dev- 
astation and ruin wherever it went. So 
great was the damage that orange growers 
became discouraged, and orange culture 
was nearly annihilated. Many groves that 
had been yielding handsome incomes were 
totally destroyed. Happily, however, in a 
few years the scales became less numer- 
ous, orange trees were again planted, 
their culture revived, and the result is 
seen in the rapidly growing industry. 
... One cause of its rapid spread soon 
after its introduction, is probably due to 
the fact that its natural enemies (species 
of chalcid flies) were not imported with it; 
consequently it had full sway, and nothing 
to prevent its prolific breeding. In time, 
some of our own native insects began prey- 
ing upon it, and to these is probably due 
the fact of their ceasing to be so destruc- 
tive as they were the first few vears of 
their importation. 

Hubbard (1885) agreed with Ashmead 
in regard to the role of parasites in reduc- 
ing the destructiveness of Glover scale, 
as evidenced by the following statement: 
“At the present day, although this Scale- 
insect is everywhere disseminated in the 
groves of Florida and Louisiana .. . the 
destructive hordes are held in check by 
the effective attacks of parasites every- 
where accompanying the Bark-lice, and 
increasing with their increase, so that no 
general onslaught of the Long Scale at 
least is likely ever again to occur in this 
country, and only local irruptions of the 
pest need be feared.”’” Watson & Berger 
(1937), however, thought that the white- 
headed seale-fungus, Podonectria coccicola 
(E. & E.) Petch, was the agent principally 
responsible for alleviating the seriousness 
of Glover scale. In referring to this par- 
ticular fungus, they state: “It is appar- 
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ently the first scale-fungus of which there 
is any record in Florida and is figured and 
described as a ‘bark fungus’ by H. G. 
Hubbard (1885). Hubbard, however, 
failed to discover its parasitic nature and 
believed it lived on dead scales. The writ- 
ers believe, furthermore, that it was this 
fungus which saved the citrus industry in 
the thirties of the last century when the 
long scale was introduced ...and the 
trees were killed back each year. Dozier 
(1937) considered Prospaltella elongata to 
be a highly effective parasite of Glover 
scale and that it is probably responsible 
for the low economic status of this scale 
as a pesy of citrus in the areas bordering 
on the Gulf of Mexico. The saga of Glover 
scale in Florida parallels in many respects 
that of the cottony-cushion scale in 
California which is so generally known 
(Essig 1931, Quayle 1938b, Ebeling 1950), 
differing principally in the lack of definite 
knowledge as to biological factors respon- 
sible for its control. 

In California, currently, the most im- 
portant pests of citrus are: the California 
red scale, Aonidiella aurantii (Mask.); 
citrus red mite, Paratetranychus  citri 
(McG.); citrus bud mite, Aceria sheldoni 
(Ewing); purple scale, Lepidosaphes beckii 
(Newm.); black scale, Saissetia oleae 
(Bern.); citrus thrips, Scirtothrips citri 
(Moult.); citricola scale, Coccus pseudo- 
magnoliarum (Kuw.); spirea aphid or 
green citrus aphid, Aphis spiraecola 
Patch; melon aphid, A phis gossypii Glov.; 
vellow scale, Aonidiella citrina (Coq.); 
and orange tortrix, Argyrotaenia citrana 
(Fern.). It is of interest to note that the 
purple scale and the citrus red mite are 
the only two species listed among the 
most important pests in both Florida and 
California. 

During the past two decades there have 
heen some interesting shifts in the eco- 
nomic status of the major citrus pests in 
California. Until about 1930 the citro- 
philus mealybug, Pseudococcus gahani 
Green, was one of the most important 
pests, but due to the effectiveness of in- 
troduced parasites it has not been of 
economic consequence since. The citrus 
bud mite was not known to exist prior to 
1937, and within 3 years thereafter it 
became one of the major pests of lemons, 
particularly. Prior to about 1940 the 
black scale was the most important pest 
of citrus, but since then the effective work 
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of the parasite Metaphycus helvolus 
(Comp.), especially in the coastal areas, 
has greatly reduced the economic im- 
portance of black scale. It is of interest to 
note that during the present century the 
cottony-cushion scale was not an impor- 
tant pest of citrus in California until 
1946-47, when it became prominent in 
many groves in the central portion of the 
state after the use of DDT. 

In Texas the most important species 
at present are the citrus rust mite and the 
Texas citrus mite, Anychus clarki McG. 
In 1925, Delcurto et al. listed the most 
important citrus pests as: Florida red 
scale; California red scale; purple scale; 
chaff scale, Parlatoria pergandii Comst.; 
soft (brown) scale, Coccus hesperidum 
Linn.; citrus rust mite; and the flower 
thrips, Frankliniella tritici (Fitch). Clark 
& Friend (1932) stated that the California 
red scale was the principal pest of citrus 
at that time, and that it had probably 
been introduced in the early 1920’s on 
nursery stock from California. The decline 
in importance of scale insects appears to 
have developed rapidly in the middle 
1930’s. Friend (1946) states: “During the 
past 10 years, however, natural control 
has taken care of this destructive insect 
[California red scale]. ‘Friendly’ fungi and 
several types of insect parasites and pred-. 
ators have made it unnecessary for most 
valley growers to use any kind of artificial 
control for any type of scale insect or 
whitefly that infests citrus trees in this 
area.”’ DeBach (1950), who has recently 
surveyed the citrus pest conditions in the 
Rio Grande Valley of Texas, states that 
“This scarcity [of the California red scale] 
was found to be correlated with popula- 
tions of the parasitic golden chalcids, 
Aphytis spp., which were sufficiently high 
to account for the control observed.’ He 
notes that other scales are generally so 
scarce that the growers do not consider 
treatment warranted. 

In Arizona, the pest of major impor- 
tance is the citrus thrips, although grass- 
hoppers may .occasionally be very de- 
structive in localized areas. 

It can be claimed with reasonable as- 
surance that the introduction of the cot- 
tony-cushion seale into California about 
1869, with its subsequent devastating 
effects on citrus in the southern portion of 
the state during the early 1880's, was 
largely responsible for initiating or con- 
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tributing to the development of some of 
the most important principles and prac- 
tices of entomology, especially quarantine 
and other aspects of legal entomology, 
biological control, and HCN fumigation. 
Later developments, both in Florida and 
in California, have resulted in tangible 
contributions either toward the develop- 
ment of principles and practices or toward 
the elucidation of the same, particularly 
in the fields of legal entomology, biologi- 
cal control, taxonomy, ecology, insecti- 
cides and their application, and resistance 
of insects to insecticides. Some of the most 
important aspects of these contributions 
will be discussed. 

LecaL Enromo.ocy.—That phase of 
entomology concerned primarily with 
legislation by governmental units with 
respect to plant quarantine, pest eradica- 
tion, and pest abatement has had a sub- 
stantial amount of its development in 
relation to citrus pests. 

Plant Quarantine.—The period 1870— 
1880 in California was very important 
from the standpoint of focusing the atten- 
tion of agricultural interests on the need 
for legal means to prevent the introduc- 
tion and distribution of insect pests. The 
devastating effects of the cottony-cushion 
scale on citrus, beginning in the early 
70°s, the injury to citrus and olives by the 
black scale, the finding of the dreaded 
grape phylloxera and the codling moth in 
1874, and the recognition in about 1875 
of the importance of the destructive scale 
insect later described as the San Jose scale 
on deciduous fruits were probably of 
about equal importance in precipitating 
action to develop legal procedures to deal 
with economically important insects. 

Evidently, Matthew Cooke, during the 
late 1870’s, did more than any other in- 
dividual toward arousing the interests of 
the agricultural public to the need of legis- 
lation to prevent the spread of insect 
pests. The viticultural interests were 
strong politically at that time, and it was 
the wise decision of those interested in 
other fruit crops to combine their efforts 
in an attempt to obtain legislative action 
in relation to quarantine in all of its as- 
pects. Legal entomology began in Cali- 
fornia with the approval by the 1880 
Legislature of ‘An Act for the Promotion 
of the Viticultural Industries of the State”’ 
and the appointment by the Governor of 
a Board of State Viticultural Commis- 
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sioners. (Political Code, Chapter 62.) 
Actually, the Act did not provide specifi- 
cally for regulatory or quarantine activity ; 
but the next year, in 1881, the duties and 
powers of the Board were enlarged (Polit- 
ical Code, Chapter 51), and it was given 
the ‘power to establish such quarantine 
rules and regulations as are required for 
the protection of fruit and fruit trees from 
the spread of insect pests.” 

Matthew Cooke was appointed Chief 
Horticultural and Health Officer and he 
immediately drew up a comprehensive 
list of 13 quarantine rules and regulations 
for the protection of crops, which became 
effective January 1, 1882, and which were 
essentially the beginning of agricultural 
quarantines in this country. Early in 1883 
these quarantine regulations were found 
by the Court to be unconstitutional; 
hence, more adequate legislation was pro- 
vided in March, 1883, by an Act creating 
a State Board of Horticulture, which sup- 
planted the Board of State Viticultural 
Commissioners. Ellwood Cooper was the 
first president of this Board. There were 
several strengthening amendments to the 
Act during the period from 1883 to 1891. 
In March, 1889, one of the most important 
of the amendments provided for a State 
Horticultural Quarantine Officer. Alex- 
ander Craw was appointed to this post in 
1890 and stationed at San Francisco, 
where he inaugurated the first seaport in- 
spection and established the “real” plant 
quarantine service in the state. In 1891 
he seized an incoming shipment of 325,000 
orange trees infested with a serious scale 
pest, Howardia biclavis (Comst.). The en- 
tire shipment of trees was lost because of 
injury resulting from five fumigations and 
a dipping, together with protracted delay 
in disposition of the case by the courts. 
This incident had a decidedly beneficial 
effect, in that importing agencies there- 
after arranged for tain ot inspection of 
nursery stocks and other plant products 
prior to shipments to this country. 

In June, 1889, the State Board of 
Horticulture adopted 10 regulations pre- 
scribing specific remedies for various pests, 
including the following for pests on citrus: 
for cottony-cushion scale, caustic soda- 
resin wash; for black scale, kerosene emul- 
sion; for red scale, resin wash; and for 
disinfecting fruit trees, scions, ete., whale- 
oil soap. 

These regulations were enlarged con- 
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siderably in November, 1891, to include 
the requirement that nursery — stock, 
scions, grafts, cuttings, and pits (of stone 
fruits) be fumigated with hydrocyanic 
acid gas (HCN). Evidently, this was the 
first recommendation of HCN for this 
purpose. This treatment is still in general 
use for citrus nursery stock in California. 

The possibility of the introduction and 
establishment of the Mexican fruit fly, 
Anastrepha ludens (Loew), in California 
had been a matter of great concern to 
Ellwood Cooper for many years. The find- 
ing, by Alexander Craw, of larvae of this 
insect in San Francisco in a shipment of 
oranges from Mexico in 1899, resulted in 
an embargo on Mexican citrus fruits. 

In 1903 the State Board of Horticulture 
was replaced by a legislative act which 
created a State Commissioner of Horticul- 
ture and provided for the promulgation 
and enforcement of plant quarantine. 
Ellwood Cooper, who had been serving as 
president of the State Board of Hogticul- 
ture from its inception, was appointed the 
first State Commissioner of Horticulture. 

Quarantine Order No. 1 was promul- 
gated in 1905 to prevent the introduction 
of the citrus whitefly from Florida. In 
1906 this order was amended to include 
Louisiana. In 1907, the citrus whitefly 
was found in Marysville, California, and 
an eradication campaign was begun in 
1908. Quarantine Order No. 3 was formu- 
lated in 1910 to prevent the introduction 
of citrus pests into Tulare County. Quar- 
antine Order No. 6 was issued in 1911 to 
prevent the introduction of the Mediter- 
ranean fruit fly from Hawaii; but to meet 
the quarantine needs relevant to the Medi- 
terranean fruit fly, a new plant-quarantine 
law was approved by a special session of 
the state legislature in January, 1912. 
Quarantine Order No. 10, issued in 1912, 
was concerned with the Mexican fruit fly. 

The foregoing brief discussion of the 
early history of plant quarantine in Cali- 
fornia indicates the prominent role of 
citrus Insect pests in relation to the de- 
velopment of this very important entomo- 
logical principle. Riley (1894) states: “‘So 
far as we know, California took the lead 
in regard to the matter of quarantine and 
if this state succeeds in making its meas- 
ures in this direction effective, it will de- 
serve the gratitude of fruit growers of the 
entire country.” (For more detailed in- 
formation on the early history of plant 
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quarantine in California, see Maskew 
1925, Essig 1931, and Smith ef al. 1933.) 

The need for quarantine protection was 
recognized early in Florida by those in- 
terested in citrus, for Hubbard (1885) 
states: “It would be well for the horticul- 
tural interests of Florida if some system of 
inspection of imported fruit trees could be 
adopted and vigorously enforced by the 
State. This would, no doubt, be difficult 
of accomplishment, and, perhaps, imprac- 
ticable....” 

The history of the National Plant Quar- 
antine Act of 1912 and of the other many 
important developments in plant quar- 
antine subsequently are well-known by 
most entomologists. Currently, the citrus 
industry has Federal quarantine protec- 
tion from such serious foreign pests of 
citrus as Mediterranean fruit fly, Ceratitis 
capitata (Wied.); oriental fruit fly, Dacus 
dorsalis Hendel; Mexican fruit fly, Ana- 
strepha ludens (Loew); South American 
fruit fly, Anastrepha fraterculus (Wied.); 
citrus blackfly, Aleurocanthus woglumi 
Ashby; and rufous scale, Selenaspidus 
articulatus (Morgan). 

Commodity Treatment.—The treatment 
of plants or their products to ensure free- 
dom from living injurious species of in- 
sects is now widely employed on many 
crops as a standard quarantine procedure. 
Citrus insects have had an important role 
in the development of fumigation tech- 
niques, both atmospheric and vacuum, 
especially in the use of HCN and methyl] 
bromide. Dip treatments, where applic- 
able, have been used for disinfestation pur- 
poses from the beginning of quarantine 
work. Petroleum oil dip treatment is cur- 
rently in use to permit the entry into 
California of lime fruits from Mexico, and 
of oranges and grapefruits from Florida 
and Texas, and also as a condition of 
movement of citrus nursery stock within 
certain counties in California. 

Development of the vapor-heat method 
of fruit sterilization by A. C. Baker and 
his associates (1944) in connection with 
the campaign for the eradication of the 
Mediterranean fruit fly in Florida repre- 
sents an outstanding development in com- 
modity treatment. This treatment of 
citrus fruits in Texas is a requirement for 
movement from the area quarantined be- 
cause of the presence of the Mexican 
fruit fly. A low-temperature treatment has 
also been developed by Baker for this pur- 
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pose. In connection with the Mexican 
fruit fly problem, and more recently in 
connection with the oriental fruit fly prob- 
lem in Hawaii, there have been under con- 
sideration other means of commodity 
treatment involving infra-red and gamma 
radiation, dielectric heating, ultrasonics, 
accelerated electrons, and other physical 
phenomena (A. C. Baker and Walter 
Carter, in personal conversation). 

Eradication.—There have been several 
successful eradication campaigns against 
insects and one against a snail affecting 
citrus which are discussed below.! Each 
of these represents another milestone of 
progress in agricultural entomology. The 
failure to attempt eradication of the Flor- 
ida red scale serves as an inverse measure 
of the value of eradication and it also illus- 
trates the vision of Professor Comstock 
(1881) who advocated eradication when 
this scale was first observed in Florida in 
the 1870’s. No attempt, however, was 
made to do this and now this insect is con- 
sidered Florida’s second most important 
citrus scale pest. 

Citrus Whitefly~—The campaign to 
eradicate the citrus whitefly was probably 
the first successful undertaking of its kind. 
This whitefly was found in the northern- 
most citrus-producing areas of California 
in 1907. Ellwood Cooper, then Commis- 
sioner of Agriculture, issued an order to 
effect eradication through destruction by 
removal and burning of all portions of 
plants liable to infestation. The infesta- 
tion is confined to the leaves of citrus, but 
it was found difficult to defoliate citrus 
trees effectively without killing the trees. 
Since fumigation, miscible and distillate 
oil sprays, and other materials were un- 
satisfactory either for defoliating the 
trees or for killing all whiteflies present, 
the probabilities of eradication were not 
promising. A program of reducing infes- 
tations through the use of miscible and 
distillate oil sprays was practiced there- 
fore for some years to retard the spread of 
the insect. In 1925, however, the citrus 
industry became alarmed about increasing 
populations of the citrus whitefly and 
undertook under the able leadership of 
D. B. Mackie, Entomologist of the Cali- 
fornia State Department of Agriculture, 

1 Because of the overall] procedures employed and the involve- 
ment of entomological personnel, mention should be made of the 
successful eradication of the citrus canker, Phytomonas citri 


(Hasse) in Florida during the period 1914-1931 (Rhoads & 
DeBusk 1931). 
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an extensive program of treatments using 
the then recently developed highly refined 
petroleum oil sprays supplemented at 
appropriate times with HCN fumigation. 
Through careful inspection, together with 
a certain amount of host destruction, the 
program of treatments was carried out in 
a long campaign of attrition which finally 
succeeded in eradicating the whitefly by 
1942. (For more detailed information see 
Essig 1931, Mackie 1931, and Armitage 
1944.) In 1947, however, a light local in- 
festation, probably a new introduction, 
was found in southern California and a 
program of eradication rapidly was carried 
to successful completion. An incipient in- 
festation of whitefly presumed to be the 
cloudy-winged whitefly, Dialeurodes citri- 
folit (Morg.) was found in 1907 at Bakers- 
field, California. Prompt and vig»rous ac- 
tion eradicated the infestation (Essig 
1931). 

Mexican Fruit Fly—This insect is na- 
tive to Mexico and the object of Foreign 
Quarantine No. 5, promulgated in Jan- 
uary, 1913, was to prevent its introduction 
into the United States. In May, 1926, 
however, infestation of the fly was found 
to be general in grapefruit groves in Cam- 
eron and Hidalgo counties of Texas. Erad- 
ication of the fly was undertaken co- 
operatively by the U. S. Bureau of En- 
tomology, the Federal Horticultural 
Board, and the Texas Department of 
Agriculture. In addition to intensive in- 
spection and regulation of interstate 
movement of possible carriers from the in- 
fested areas, including the certification of 
fruits moving from the quarantined area, 
a clean-up campaign was employed in 
which hold-over citrus fruits were dis- 
posed of, alternate hosts were destroyed, 
host-free periods were maintained, and 
poison bait treatments were applied to kill 
the flies. Likewise on the Mexican side of 
the border the eradication campaign was 
carried out in cooperation with Mexican 
authorities. The results obtained were 
very encouraging in that, during the 
period from June, 1927, to April, 1929, no 
infestation of the fly was found in Texas. 
Subsequently, however, infestations were 
found which apparently resulted from the 
migration of flies into the Lower Rio 
Grande Valley of Texas from a relatively 
great distance below the Mexican border. 
It seemed prudent, therefore, to discon- 
tinue serious attempts at eradication and 
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to conduct, instead, a control campaign 
which has now been in successful opera- 
tion since about 1930. 

Mediterranean Fruit Fly.—On April 6, 
1929, the Mediterranean fruit fly was 
found infesting citrus in Florida, Within 
three days after this discovery, Wilmon 
Newell, Plant Comissioner of the Florida 
State Plant Board, recommended that im- 
mediate steps should be taken to eradicate 
the pest. On April 15 the State Plant 
Board adopted its first rules and regula- 
tions directed to that end. Prompt support 
by the U. S. Department of Agriculture, 
principally under the leadership of C. L. 
Marlatt, Chief of the Plant Quarantine 
and Control Administration and of the 
Bureau of Entomology, led to the rapid 
development of the plan for the eradica- 
tion program. On May 1, 1929, Federal 
Plant Quarantine 68 became effective, 
encompassing the following two main ob- 
jectives: ‘‘(a) the prevention of the spread 
of the Mediterranean fruit fly from the in- 
fested areas, and (b) the eradication of the 
pest” (Newell 1931). On May 2, 1929, the 
Congress appropriated $4,250,000 for sup- 
port of the inspection and eradication pro- 
gram, and on June 7 the Florida legisla- 
ture appropriated #500,000 to supplement 
federal funds. Previously, both federal and 
state special funds had been made avail- 
able to meet the emergency. Wilmon 
Newell was placed in charge of the entire 
program, representing the U. S. Depart- 
ment of Agriculture and the state of Flor- 
ida. The Research Section of the program 
was under the direction of A. C. Baker of 
the Federal Bureau of Entomology. 

The plan of the eradication campaign, 
as outlined by Newell, was comprehen- 
sive. It divided the state of Florida into 
infested zones and protective zones and 
provided for intensive inspections 
throughout the state. Stringent destruc- 
tion or control of planting of all potential 
host fruits or vegetables was to be carried 
out. Poison “bait sprays” were to be used 
in both zones and strict control of sanita- 
tion and transportation was provided for. 

A rapid survey of citrus plantings made 
between April 6 and 30, 1929, revealed in- 
festations in 364 properties in 51 separate 
localities in 11 different counties. Observa- 
tions in one grove indicated that more 
than 70 per cent of the fruit was infested. 
Subsequent infestations found in 1929 
were as follows: May, 378; June, 185; 
July, 64; August, 8; November, 1; during 


JOURNAL OF Economic ENTOMOLOGY 





Vol. 43, No. 6 


1930—March, 1, very light; and July, 1, 
consisting of 2 pupae. No infestations 
were found thereafter. On November 15, 
1930, the Federal Plant Quarantine No. 
68 was lifted by the Secretary of Agricul- 
ture. The decline in the number of infes- 
tations found after May, 1929, is attrib- 
uted to the rapid progress made during 
that month in the clean-up of infested and 
exposed host material and also in the 
“bait spray”’ program. Absence of infesta- 
tion of “‘wild hosts’ was undoubtedly 
contributory to the success of the eradica- 
tion campaign. 

The “Eradication Area” comprised ap- 
proximately ten million acres, or from 
15,000 to 16,000 square miles, and in- 
cluded 72 per cent of the bearing citrus 
trees in the state. Included also were 
160,000 cultivated acres of other host 
fruits and vegetable crops. 

More than 750,000 bushels of citrus 
fruits and more than 75,000 bushels of 
other host fruits and vegetables were 
destroyed during the eradication cam- 
paign. The “bait spray” program to kill 
the flies was, like other aspects of the 
‘ampaign, a tremendous operation in 
which a total of 60 power spray rigs were 
used to apply the bait spray on a total of 
2,360,224 acres. In addition, a total of 
18,554 miles of spraying along roadsides 
was done. The trapping program for de- 
tection and indexing of the fly population 
employed more than 12,000 traps. In con- 
nection with prevention of spread of the 
insect outside the state, a total of 4454 
carloads of citrus was “‘sterilized”’ by heat, 
and 175 carloads by refrigeration. Man- 
power requirements of the entire program 
were enormous, as illustrated by the fact 
that during one month more than 6300 
persons were employed. The total federal 
and state expenditure for the eradication 
campaign was $6,852,636.95. (For details 
of the Mediterranean fruit fly campaign 
in Florida, see Newell, 1931.) 

The eradication campaign was_ beset 
with certain difficulties, some political and 
some otherwise,.and included an investiga- 
tion by the Congress. But in view of the 
magnitude of the operation in all of its 
aspects, these difficulties were not unex- 
pected, and it is the opinion of many that 
in general they forcibly pointed out the 
soundness of the program and _ reflected 
appropriate and deserved credit, particu- 
larly on Dr. Newell. 

The successful eradication of the Medi- 
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terranean fruit fly in Florida was not only 
of inestimable value to the state, but to 
the welfare of the nation at large. In addi- 
tion, it has provided a background of in- 
formation and experience that may be 
needed again in future eradication pro- 
grams. The significance of this accom- 
plishment has been appropriately ex- 
pressed in a portion of a_ resolution 
adopted at the annual meeting of our 
A.A.E.E. held at Cleveland in December, 
1930, which states: ““Whereas, This cam- 
paign is one of the outstanding achieve- 
ments in the annals of economic ento- 
mology.” 

Citrus Blackfly.—The citrus blackfly, a 
very serious pest of citrus, was first found 
in Cuba in 1915, and soon thereafter on 
other islands of the West Indies. Since 
1916 there has been great apprehension 
about the possible establishment of this 
insect in Florida. It was found on the 
island of Key West in August, 1934, and 
eradication measures were immediately 
undertaken by the Florida State Plant 
Board, in cooperation with the U. 8. 
Bureau of Entomology and Plant Quar- 
antine. The treatment employed was an 
oil emulsion spray applied at intervals of 
20 days. The treatments were continued 
during the period extending from Septem- 
ber, 1934, to June, 1937. No live speci- 
mens of the citrus blackfly were found 
after February, 1937. Hence, by prompt 
and efficient action, adequate quarantine 
and inspection, supplemented by effective 
treatments, this serious citrus pest was 
eradicated from Key West. (For details, 
see Newell & Brown 1939.) 

White Snail.—The white snail, Helix 
pisana, an important pest of citrus, be- 
came established about 1914 at La Jolla, 
San Diego County, California. In 1919 
suppressive measures designed toward 
eradication were undertaken by G. R. 
Gorton, then County Commissioner of 
Horticulture. In 1922 a vigorous eradica- 
tion program was undertaken jointly by 
the county of San Diego and the State 
Department of Agriculture, with A. J. 
Basinger in charge. 

The eradication program included, in 
addition to appropriate quarantine and 
inspection, the cutting and burning of all 
vegetation in infested wild areas, and the 
flaming of the rocks and soil to destroy the 
snails, and handpicking of snails in resi- 
dential areas during the dry season when 
the snails were relatively inactive. During 
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the rainy season, when the snails were 
active, they were effectively destroyed by 
a calcium arsenate-bran bait. No live 
snails of this species have been found_in 
that area since 1927. (For details, see 
Basinger 1927.) Since then, there have 
been several infestations of this snail, 
presumably new introductions, in other 
counties, but each has been eradicated. 

Pest Abatement.—In 1881, by an Act of 
the California Legislature, county boards 
of horticulture were created to protect 
and promote the horticulture of the state. 
Among the duties of these boards of hor- 
ticulture was the inspection of properties 
for injurious insects and the requirement 
of proper control measures. Subsequent 
changes in the law, in 1889, provided for 
county horticultural commissioners, and 
in 1891 enabled the county board of 
horticultural commissioners to inspect 
orchards, premises, etc. for insect pests and 
plant diseases and to serve notices on 
owners or lessees to control or eradicate 
the same. If the pest was not abated as 
required, then the Commission was to 
cause this same to be done at the expense 
of the county, and costs to the county were 
to become a lien on the property. Hence, 
from the early days of the fruit industry in 
California there has been, at the county 
level, active official participation in legal 
pest abatement. Perhaps this activity has 
been greatest in reference to citrus in- 
sects. Through the years there have been 
changes in the organization of the county 
regulatory work, including a change in 
name to the office of County Agricultural 
Commissioner. Currently, the principal 
functions of this office so far as this dis- 
cussion is concerned are the following: 
plant pest quarantine in all of its aspects, 
plant pest survey, and plant pest control 
or eradication. A particularly important 
phase of this work is the regulation, in co- 
operation with the State Department of 
Agriculture, of custom pest-control opera- 
tors, including vigilant supervision of their 
work. Since the greatest portion of pest 
control on citrus is done by custom opera- 
tors and cooperatives, this function in- 
sures highly effective results. (For in- 
formation on the general activities of the 
County Agricultural Commissioner and 
also of the State Department of Agricul- 
ture in reference to Plant Protection, see 
Ebeling 1950.) 

Besides the county organizations, other 
citrus pest abatement mechanisms are 
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districts legally authorized under the 


“Citrous Pest District Control Act,” a 
legislative measure enacted in 1939 (Deer- 
ing 1944). The purpose of this act is “‘to 
make available a procedure for the organi- 
zation, operation, government and dissolu- 
tion of districts for the more effective con- 
trol and eradication of citrus pests.”’ These 
districts are formed within the county and 
operated under county government and 
financed by tax assessment on the citrus 
properties included in the districts. Sev- 
eral of these districts have been formed to 
combat the California red scale. 

In addition to legal pest abatement pro- 
cedures, there are, among California 
citrus growers, several unique organiza- 
tions for the abatement of citrus pests. 
They are the Ventura County Citrus 
Protective League (Hardison 1941) and 
the Fillmore Citrus Protective District. 
Both organizations have been in con- 
tinuous operation for more than 25 years, 
and both are unincorporated, voluntary 
cooperatives whose objectives are the sup- 
pression and eradication of certain serious 
citrus pests, particularly the California 
red scale. Operating funds are derived 
from assessments of members on the basis 
of the number of trees owned. The accom- 
plishments of these two organizations 
have been of inestimable value to the dis- 
tricts concerned. 

BroLtoaicaL Controu.—The first highly 
successful use of the principle of biological 
control was in the control of cottony- 


cushion scale on citrus in California 
through the introduction of Crypto- 


chaetum and vedalia from Australia in 
1888-89. Continuous investigations in the 
field of biological control in California 
have followed for more than sixty years. 
The cottony-cushion scale work was car- 
ried out by the U. S. Department of 
Agriculture and the state of California. 
Most of the later work has been carried 
out first by the California State Depart- 
ment of Agriculture, and, since 1923, by 
the University of California. Many out- 
standing accomplishments in_ biological 
control have resulted from the vision and 
efforts of Professor H. 8. Smith, who has 
been in charge of the work in California 
during the past 37 years. 

Early investigators of citrus pests in 
Florida, particularly Ashmead (1880) and 
Hubbard (1885) carried out studies, out- 
standing for that period, which recognized 
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the over-all importance of parasites and 
predators. Since that time relatively little 
intensive study has been given in Florida 
to the use of entomophagous species. The 
role of entomogenous fungi in control of 
plant pests began in Florida, however, and 
interest in the control of citrus pests by 
fungi has been continuous. 

OuTstaNDING Resuits.—A brief ré- 
sumé of some of the milestones in biological 
control of citrus insects by entomopha- 
gous insects and also by entomogenous 
fungi follows: 

Cottony-Cushion Scale.—The introduc- 
tion of the cottony-cushion scale, Icerya 
purchasi. Mask., into California from 
Australia in about 1869; its devastating 
effect which threatened the existence of 
the citrus industry during the 80’s; the 
introduction of its two most important 
enemies, namely vedalia, Rodolia car- 
dinalis (Muls.), and also Cryptochaetum 
iceryae (Will.) in 1888; and the rapid and 
spectacular control which followed have 
been well narrated by many writers. 
(For details, see Essig 1931, and Quayle 
1938b.) Suffice it to say that very few 
modern citrus growers in California had 
ever seen a damaging infestation of cot- 
tony-cushion scale until after the com- 
mercial use of DDT on citrus began. As a 
result of the use of DDT and the near 
elimination of vedalia, a tremendous 
outbreak of this scale occurred over an 
extensive acreage of citrus in the Central 
Valley in Ca ifornia during 1946 and 1947. 
Finally, however, it was spectacularly 
brought under control by vedalia. ‘This 
demonstration of biological control was 
indeed phenomenal and evidently cor- 
responded to the original performance 
by vedalia in the late 80’s, about which so 
much has been written. Cooperative in- 
vestigations involving biological and 
chemical control, by Ewart & DeBach 
(1947), have shown it to be possible, 
through careful manipulation of the DDT 
spray or dust program, to continue the 
widespread use of this valuable insecticide 
on citrus. 

Mealybugs.—Biological control has been 
solely relied upon in California for many 
years for suppression of the four species of 
potentially economically important mealy 
bugs attacking citrus. The control of 
these mealybugs by natural enemies is 
indeed fortunate, because it is only re- 
cently that any insecticide (parathion) 
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has shown the slightest effectiveness. 

The first attempt made to control 
mealybugs with entomophagous insects 
was against the citrus mealybug, Pseudo- 
coccus citri (Risso). Albert Koebele intro- 
duced the coccinellid Cryptolaemus mon- 
trouziert Muls. into California in 1892 from 
Australia to prey on this mealybug. Later, 
the first mass production of an entomo- 
phagous insect (Cryptolaemus) for field 
colonization was tried against this mealy- 
bug (Smith & Armitage 1931.) 

The citrophilus mealybug, Pseudococcus 
gahani Green, first found in California in 
1913, proved to be much more injurious 
than the citrus mealybug. Cryptolaemus 
was mass-produced for field colonization 
in attempts to control the citrophilus 
mealybug but was not highly successful 
(Smith & Armitage 1931). By 1928, when 
Harold Compere found in Australia, and 
imported into California, five species of 
natural enemies, about 100,000 acres of 
citrus were seriously infested. The spec- 
tacular manner in which two of these 
species, the parasites Coccophagus gurneyt 
Comp. and Tetracnemus pretiosus 'Timb., 
eliminated the citrophilus mealybug as a 
major pest, causes this example of bio- 
logical control to rank second only to the 
biological control of the cottony-cushion 
scale. Since 1930 this mealybug has not 
been of economic importance (Compere & 
Smith 1932). 

The Baker or grape mealybug, Pseudo- 
coccus maritimus (Ehrh.), and the long- 
tailed mealybug, P. longispinus (Linn.), 
are generally well controlled by a combina- 
tion of introduced and indigenous natural 
enemies (Flanders 1940, DeBach 1949). 

Citrus Blackfly “The control of citrus 
blackfly, Aleurocanthus woglumi Ashby, in 
Cuba by the parasite Hretmocerus serius 
Silv. is a classic among biological control 
successes. Heavy infestation of citrus in 
Cuba by the citrus blackfly was a con- 
stant threat to the citrus industry, par- 
ticularly of Florida. Through collaboration 
with the Cuban government, the U. S. 
Bureau of Entomology and Plant Quaran- 
tine sent C. P. Clausen to Malaya in 
1930 to obtain Kretmocerus and any other 
entomophagous species that he could find 
attacking the blackfly. Within 8 to 12 
months after Eretmocerus was introduced 
into Cuba the blackfly population was re- 
duced to a very low level and it has since 
remained low as the result of the activity 
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of that parasite. (For details, see Clausen 
& Berry 1932.) 

Black Scale.—From the early 1900’s 
until about 1940, the black scale, Saissetia 
oleae (Bern.), was the major pest of citrus 
in southern California. Investigations on 
biological control of the black scale have 
extended over a period of more than fifty 
years (Smith & Compere 1928). The 
parasite Metaphycus helvolus (Comp.) was 
introduced by Harold Compere from 
South Africa in 1937, and its performance 
was spectacular, especially in the coastal 
and intermediate citrus districts where 
there is a continuity of scale stages sus- 
ceptible to parasitism. By 1940 most in- 
secticidal treatments for black scale had 
ceased in all but interior areas (Smith 
1942b). Recent increases in population 
levels of black scale may have resulted 
from abnormally low winter temperatures 
adversely affecting M. helvolus (Flanders 
1949). 

Entomogenous Fungi.—Most of the 
work in the field of insect pathology has 
been done in Florida. Interest in the role 
of entomogenous fungi in the control of 
citrus insects in Florida began with the 
discovery by Webber, in 1892 (Webber 
1897), of the red aschersonia, Aschersonia 
aleyrodis Webber, on the citrus whitefly, 
Dialeurodes citri Ashm.). Entomogenous 
fungi apparently parasitic on whiteflies 
and also on scale insects on citrus in 
Florida became the object of rather exten- 
sive investigations during the late 1890's 
and early 1900’s particularly by Berger 
(1907), Fawcett (1908), and Rolfs & 
Fawcett (1908). 

As early as 1906, Berger (1907) urged 
growers to introduce the fungi on the 
citrus whitefly in an effort to reduce the 
great damage that this insect was causing. 
Fawcett (1908) found that at least five 
species of fungi occur commonly in Florida 
on the citrus whitefly and the cloudy- 
winged whitefly, Dialeurodes  citrifolii 
(Morg.), and he developed a method of 
growing the red and yellow aschersonias 
in pure cultures on sweet potato strips. 
Berger (1910) perfected this method and 
adapted it for mass production for use in 
the artificial distribution of these fungi. 
Beginning in about 1915 and continuing 
for many years thereafter, the Florida 
State Plant Board produced these cultures 
and cultures of other species and supplied 
them at cost to citrus growers. Watson & 
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Berger (1937) express the opinion that the 
white-headed scale fungus was the species 
which saved the citrus industry in the 
1830's when the long scale (Glover scale) 
was seriously damaging trees. 

Early in the 1900's a difference of opin- 
ion developed among entomologists and 
plant pathologists as to whether or not 
there was any practical advantage to be 
gained from artificially distributing the 
entomogenous fungi of whiteflies and 
scale insects on citrus, and later, even as 
to whether or not the fungi found on scale 
insects were responsible for a measurable 
degree of control. Morrill & Back (1912) 
and Watson (1912) discuss aspects of 
these questions. Apparently, these dif- 
ferences of opinion still exist but current 
investigations in insect pathology by 
Francine Fisher and associates at the 
Florida Citrus Experiment Station are 
clarifying the information on this subject 
in particular reference to scale insects and 
mites. 

Fisher, Thompson and Griffiths (1949) 
were unsuccessful in attempts to inoculate 
living Florida red and purple scale insects 
with the red-lheaded scale fungi Sphero- 
stilbe aurantiicola (B. & Br.) Petch and 
Nectria diploa B. & C. in the laboratory. 
Field trials in which a suspension of spores 
in water was sprayed on purple scales re- 
sulted in no mortality of the insects. Evi- 
dence was obtained that these two fungi 
are saprophytic. They found, however, a 
new economically important disease of the 
purple scale caused by the endoparasitic 
chytrid Myiophagus sp. Thaxter. This 
fungus also was found to attack other 
scales. In addition they associated the 
fungus HHirsutella Besseyi Fisher with 
mortality of young purple scales. Fisher, 
Griffiths, and Thompson (1949) made ob- 
servations on an epizootic of the citrus 
rust mite in Florida, and found the pres- 
ence of endoparasitic hyphal bodies of the 
fungus Hirustella Thompsonii Fisher in 
live but abnormal rust mites. No hyphal 
bodies were found in normal rust mites. It 
is of interest to note the observations of 
Speare & Yothers (1924) that annually 
since 1912 the citrus rust mite has disap- 
peared in Florida after the beginning of 
the rainy season. 


ForrEIGN ExpLoration.——Foreign ex- 


ploration for natural enemies of citrus 
pests has been an important function of 
the U. S. Department of Agriculture, the 
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California State Department of Agricul- 
ture, and, since 1923, the Division of 
Biological Control of the University of 
California College of Agriculture. The 
striking results mentioned above in refer- 
ence to the cottony-cushion scale, the 
citrophilus mealybug, the citrus blackfly, 
and the black scale, are the direct result of 
explorations for entomophagous species in 
foreign countries. In addition, extensive 
exploration has been under way for many 
years in search of effective natural enemies 
for use against other important citrus 
pests, especially California red scale. 

Some of the leaders in foreign explora- 
tion for natural enemies of citrus pests 
have been Albert Koebele, George Com- 
pere, H. 5S. Smith, F. Silvestri, Harold 
Compere, and C, P. Clausen. 

One of the most significant recent ad- 
vances in this work has been the use of air 
transportation. The importation of many 
natural enemies will be tremendously sim- 
plified by this technique (Compere, 
Flanders & Smith 1941; Gressitt & Flan- 
ders 1949). 

Taxonomic — INvesTiGATIONs.—Taxo- 
nomic investigations have been funda- 
mental to much biological control work, 
and, conversely, investigations directly 
concerned with biological control have in 
the past and still are resulting in funda- 
mental advances in taxonomy. 

It is in connection with the California 
red scale that the need for fundamental 
information on insect taxonomy and biol- 
ogy had been most strikingly evident. 
Early in the history of the California red 
scale and the yellow scale in southern 
California, Comstock and Riley insisted 
that these two species were cospecific, 
since they were not distinguishable on the 
basis of morphology. Interestingly enough, 
those who worked with the living insects 
in the field were able to distinguish be- 
tween them because the two species occu- 
pied different ecological niches. Asa result, 
however, of Riley’s insistence that these 
two species were the same, their early 
history is almost inextricably mixed. It 
was not until the work of McKenzie 
(1937) that the yellow scale was separated 
on morphological evidence and justifiably 
given species status. The inability to dis- 
tinguish accurately the yellow scale from 
the red scale, and even from Aonidiella 
taxus, has had an important bearing on the 
parasite exploration work. (For details see 
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Smith 1942a.) McKenzie’s work has 
clarified the taxonomic status of these spe- 
cies, however, and is therefore a great 
contribution to citrus entomological work. 
There remains great need for the recogni- 
tion of biologically and ecologically dis- 
tinct forms which possibly cannot be or 
at least have not been determined and 
recognized on a morphological basis. One 
of the striking examples of this need in 
relation to current investigations is 
brought out by the use of closely related 
Aphytis spp. for California red scale con- 
trol by DeBach and his co-workers. The 
species of Aphytis have been confused 
frequently in the literature. Harold Com- 
pere is therefore attempting a revision of 
the genus. 

SPECIALIZED BioLoGIcAL INVESTIGA- 
TIONS.—-Biological investigations basic to 
laboratory propagation of newly imported 
parasites and predators of citrus pests 
have led to the discovery of many inter- 
esting and fundamental biological prin- 
ciples. Much of this work has been done 
by S. E. Flanders. 

One of the most important discoveries, 
from the applied point of view, has been 
that in many species of aphelinid parasites 
the male can develop only as a parasite 
of the female. In certain of these species 
the act of mating changes the oviposition 
habits of the female from hyperparasitic 
to parasitic. The offspring of an unmated 
female are secondary parasites; those of a 
mated female are primary parasites. This 
knowledge resulted in the successful cul- 
ture and colonization of parasites which 
formerly could not be propagated (Flan- 
ders 1937, 1939). 

Other important findings are the follow- 
ing: Environmental conditions in conjunc- 
tion with the spermathecal gland regulate 
the fertilization of the egg and conse- 
quently the sex ratio in many Hymenop- 
tera (Flanders 1939). In certain parasites 
the size of the host or the rate of oviposi- 
tion determines the sex of the egg de- 
posited (Flanders 1942e, 1946). In Habro- 
lepis rouxt Comp. the sex of the progeny 
of a female may be determined by the 
environmental corditions under which 


that female developed (Flanders 1945a). 

Flanders (1942a) showed that trophic 
membrane formation, and therefore poly- 
embryony, might be more characteristic of 
the female than of the male; and Doutt 
(1947) obtained valuable knowledge con- 


Boyce: Tue EntromMo.LoGy or Cirrus 


753 


cerning the cytogenetic basis for poly- 
embryony. The occurrence of oosorption 
in insects as a regular phenomenon was 
demonstrated. In the parasitic Hymenop- 
tera oosorption tends to prevent super- 
parasitism; this may account in part for 
the effectiveness of the species in control- 
ling its host (Flanders 1942c). The role 
played by the aeroscopic plate in the res- 
piration of the embryo and larva of many 
endoparasitic encyrtids was first demon- 
strated by Maple (1947). 

The fact that the host of a plant-feeding 
insect may render that insect unsuitable 
for the development of its normal para- 
sites was demonstrated by the failure of 
Habrolepis to parasitize successfully Cali- 
fornia red scale feeding on Cycas revoluta 
(Flander 1942d). This demonstration led 
to the discovery that Comperiella bifasci- 
ata How. consisted of “host determined” 
races, a phenomenon of great significance 
in biological control work (Smith 1942a). 

Ecological Investigations.—During the 
past few years fundamental ecological 
field studies of natural enemies of citrus 
pests have received considerable atten- 
tion. One reason for this has been that the 
possibilities of finding efficient natural 
enemies of certain citrus pests abroad 
seemed pretty well exhausted; another 
was the obvious desirability of measuring 
quantitatively the effectiveness of ento- 
mophagous species; and basic to the whole 
approach, of course, was the desirability 
of increasing the effectiveness of already 
established natural enemies. Pioneer work 
along these and other ecological lines has 
been and is being done with respect to 
citrus pests in California, Florida, and 
South Africa. Important aspects of this 
phase of biological control will be men- 
tioned. 

The ability to determine the actual 
effectiveness of entomophagous insects in 
the control of pests has been one of the 
principal needs of biological control (Smith 
1935, Smith & DeBach 1942). Certain 
advances have been made in attempts to 
correlate quantitatitve changes of hosts 
and predator or parasite populations 
(DeBach 1943, 1949). Perhaps the most 
significant recent development, however, 
has been that of experimental comparisons 
for measuring the effectiveness of ento- 
mophagous species. This has involved the 
exclusion or reduction of natural enemy 
populations from certain units by artificial 
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means. A comparison may then be made of 
pest population development under these 
conditions with pest population develop- 
ment on adjacent trees which have had the 
normal complement of natural enemies 
present. Several complementary — tech- 
niques have been developed, namely, the 
‘sleeve check method” (Smith & DeBach 
1942, DeBach et al. 1949), the “‘insecti- 
cidal check method” (DeBach 1946), and, 
recently, the “biological check method,” 
which employs antsas a means of inhibiting 
natural enemies (DeBach, Fleschner & 
Dietrick 1950). 

Asa result of this work, DeBach and his 
associates have found that natural ene- 
mies of the California red scale and the 
citrus red mite may, under certain condi- 
tions in untreated groves, satisfactorily 
control these major citrus pests (DeBach, 
Fleschner & Dietrick 1948 and DeBach, 
Fleschner & Dietrick 1950). 

The effect of various adverse factors on 
populations of entomophagous species 
attacking citrus pests has received early 
and continued investigation. Some of the 
more important results follow. 

It has long been recognized that ants 
are associated with increases in popula- 
tions of honeydew-producing — insects. 
Newell & Barber (1913) found in their 
early work on the Argentine ant, Irido- 
myrmex humilis Mayr., in Louisiana, that 
increases in coccids, both armored and 
unarmored, were associated with Argen- 
tine ant activity. Woglum & Neuls (1917) 
found that in order to obtain biological 
control of the citrus mealybug in southern 
California it was almost imperative that 
the Argentine ant be eliminated. 

It has recently been determined in 
California that increases in certain non- 
honeydew secreting citrus pests such as 
the vellow scale, the California red scale, 
and the citrus red mite are merely due to 
the effect of the ants in inhibiting natural 
enemies, and not to any association be- 
tween these non-honeydew-secreting in- 
sects or mites and ants (Flanders 1945b; 
DeBach, Fleschner & Dietrick 1950). 

Some of the earliest observations and 
work concerning the effect of insecticides, 
fungicides, and other materials on pest 
population increases was done in Florida 
with regard to the use of bordeaux mixture 
as a fungicide. Almost from the beginning 
of investigations on the entomogenous 
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fungi-whitefly-scale insect complex, one 
of the criteria used in evaluating the bene- 
ficial effect of the fungi was the usual in- 
increase in population of these insects 
following the application of bordeaux 
mixture. The obvious assumption was 
that the fungicidal effect of the copper 
spray destroyed the fungi, thus permitting 
the insects to develop rapidly in the ab- 
sence of their fungal parasites (Webber 
1897, Hill et al. 1934). As recently as 
1937, Watson & Berger (1937) expressed 
this view. 

The copper residue-scale increase rela- 
tionship has been actively investigated by 
a number of workers since the early 1930’s. 
Until the most recent work, the results 
obtained have been essentially the same 
namely, that (1) increase in the popula- 
tion of purple scale resulted from residues 
of copper sprays and also from residues 
of other so-called “inert” materials, and 
(2) the degree of increase in scale popula- 
tion was directly proportional to the total 
amount of residue present. In certain in- 
stances there was an indication that the 
chemical composition of the residue was 
related to the duration of the increased 
population. The above mentioned aspects 
of this interesting and complex pheno- 
menon are discussed by Osborn & Spencer 
1938, Holloway & Young 19438, and 
Thompson & Griffiths 1949. Because of the 
evident association of the entomogenous 
fungi in the residue-scale-increase com- 
plex, current work in Florida in which the 
insect pathological aspects are being 
evaluated in resulting in valuable data on 
the over-all problem. Griffiths & Fisher 
(1950) showed that residues of either cop- 
per or zine sprays resulted in higher popu- 
lations of purple scale that extended over 
a more prolonged period than resulted 
from residues of lime or pyrophyllite. 
Furthermore, the residues of either cop- 
per or zinc resulted in fewer scales infected 
with Myiophagus and Hirsutella Bessyii 
than resulted from residues of other ma- 
terials. Additionally, they found that 
either copper or zinc residues resulted 
in higher populations of citrus rust mite 
than from other materials. All workers 
concerned with this subject recognize that 
much more information is needed before 
all factors involved are completely under- 
stood. It should be noted that in the 
ecological investigations in Florida great- 
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est emphasis has been placed on entomog- 
enous fungi; little attention has been 
given to the role of insect parasites and 
predators in relation to populations of 
scale insect and mite pests. 

One of the first formal projects on the 
effect of insecticides on parasites and 
predators was initiated on citrus in Cali- 
fornia by C, F. Henderson and J. K. 
Holloway of the United States Bureau of 
Entomology and Plant Quarantine, in 
1938, at Whittier. Their studies resulted 
in some of the first experimental proofs 
that insecticides, by the mortality they 
cause to beneficial species, might actually 
cause increases in pest populations. A 
formal project on the effect of insecticides 
on entomophagous insects was established 
by the Division of Biological Control of 
the University of California at Riverside 
in 1947. Griffiths and associates in Florida 
have made important recent contributions 
to this field (Griffiths & Thompson 1947, 
Griffiths & Stearns 1947, Griffiths & 
Fisher 1949). Woglum eft al. (1947) have 
reviewed many years of field observations. 
Recent experimental studies by DeBach 
& Bartlett (unpublished data‘) on citrus 
in California add various aspects to our 
knowledge of how insecticides affect na- 
tural enemies. 

Almost from the beginning of the use of 
DDT on agricultural crops, in 1944, “side 
problems” resulting from an upset in the 
balance of certain parasite-host or pre- 
dator-host relationships have been ap- 
parent. This generally striking effect has 
greatly stimulated interest in this ques- 
tion. Upsets in the natural balance which 
have been observed on citrus in California 
from the use of DD'T involve the following 
pests: cottony-cushion scale, citrus red 
mite, citrus mealybug and other mealy- 
bugs, California red scale, vellow scale, 
orange tortrix, and several species of 
aphids; from the use of sulfur: black scale 
and the citrus mealybug; and from the use 
of parathion: soft (brown) scale. 

Perhaps one of the earliest and most 
common observations on citrus, as well as 
on certain other crops, was that popula- 
tion increases of scale insects and spider 
mites frequently occurred on trees heavily 
laden with dust originating from the soil. 
Certain investigations have shown that 
so-called inert diluents may seriously af- 
fect entomophagous species (DeBach 
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1947, 1949; DeBach & Bartlett, unpub- 
lished data!), so it seems probable that 
dust from the orchard soil may operate 
similarly against natural enemies. 

Certain failures of natural enemies to 
control their hosts successfully have been 
ascribed to the fact that the necessary 
host and parasite, or host and predator, 
developmental stages are not synchron- 
ized. Smith (1942b) has shown that in the 
interior areas of California, where the 
black scale has a single generation an- 
nually, a period of about 4 months occurs 
during which virtually no black scales 
are in a stage susceptible to parasitism by 
Metaphycus helvolus. DeBach and his co- 
workers in current studies have shown 
that after each generation of the red 
scale, populations of the parasite A phytis 
decrease markedly, again because of a 
shortage of stages of the host susceptible 
to parasitism. 

Manipulated Biological Control.—This 
phase of biological control originated with 
work on citrus pests. It involves attempts 
to increase the effectiveness of natural 
enemies. This may be achieved through 
the mass culture and periodic coloniza- 
tion of natural enemies in the field, and 
through measures designed to alleviate the 
effect of factors adverse to natural ene- 
mies, 

Some of the first periodic colonization 
work was in relation to the use of parasitic 
fungi for whitefly and scale control in 
Florida which has previously been men- 
tioned. The first use of periodic coloniza- 
tion of insectary-produced entomophagous 
insects was with Cryptolaemus for control 
of the citrus mealybug (Smith & Armitage 
1931). This predator is still produced for 
control of the citrus mealybug. Meta- 
phycus helvolus has for several years been 
mass-produced and colonized in certain 
interior citrus sections of southern Cali- 
fornia for black scale control. This is done 
to alleviate a condition of asynchroniza- 
tion. Ant control, for reasons already dis- 
cussed, has been a major project in several 
instances with respect to biological control 
endeavors. In connection with the control 
of the citrophilus mealybug, attempts 
were made to eradicate the Argentine ant 
in Los Angeles County, California (Ryan, 

1 DeBach, Paul and Blair Bartlett. Some effects of insecticides 
on biological control of insect pests of citrus. Manuscript on file 


at University of California Citrus Experiment Station, River- 
side, California. 
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1928). Many investigators have empha- 
sized the need for ant control in relation 
to honeydew-producing insects. 

Currently, intensive investigations are 
being carried on in California in attempts 
to increase the effectiveness of natural 
enemies of the California red scale, the 
citrus red mite, and the citricola scale. 
DeBach, Dietrick et al. (1950) have had 
encouraging results in experimental plots 
from periodic colonization of Aphytis for 
control of the California red scale. They 
have found ant control and, apparently, 
dust control to be essential to the success 
of the parasites. 

The mass production of entomophagous 
species is, of course, a necessary cCompo- 
nent of the periodic colonization work. 
The first large-scale use of mass culture of 
entomophagous species for field coloniza- 
tion was in connection with attempts to 
control mealybugs on citrus in California. 
This involved an economical technique for 
growing enormous quantities of mealy- 
bugs on potato sprouts and then producing 
the coccinellid Cryptolaemus on the mealy- 
bugs (Smith & Armitage 1931). 

Other important developments include 
the mass culture of black scale and its 
parasite Metaphycus helvolus on potato 
sprouts (Flanders 1942b), and the mass 
culture of the California red scale and its 
natural enemies on banana squash and 
potato tubers (Flanders 1943, 1947). 

CuemicaL Conrrou.—Despite the tre- 
mendous advance in organic insecticides 
during the past decade, petroleum oil is 
still the most widely used material, both 
in California and in Florida, for control of 
scale insects on citrus. HCN is still in use 
in California against scale insects. Para- 
thion, however, is coming into use in both 
states for this purpose. 

Sulfur, as lime sulfur, wettable sulfur, 
or sulfur dust, is the only satisfactory 
treatment for control of citrus rust mite, 
and it is generally used for this purpose 
in Florida, Texas, and California. Lime 
sulfur was formerly mostly used, but dur- 
ing the past decade wettable sulfur has 
been more generally adopted in Florida 
and California, and sulfur dust in Texas, 
where this treatment also controls the 
Texas citrus mite. Until the middle 1920's 
lime sulfur or sulfur dust were generally 
used for control of the citrus red mite in 
California, but since that time, for reasons 
not understood, neither of these has af- 
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forded satisfactory control. A similar 
history exists in California with reference 
to the use of lime sulfur and sulfur dust in 
control of citrus thrips and citricola scale. 
These materials were widely used for 
many years prior to the late 1930's, when 
the results in control were no longer satis- 
factory. Until the past decade lime sulfur 
was used in Florida to a limited extent for 
control of scale insects. 

Compositions of 2,4-dinitro-6-cyclo- 
hexylphenol for control of citrus red mite 
attained wide usage in California during 
the late 30’s and they are still generally 
used in Florida. In the former state, 
however, this material has during recent 
years been largely supplanted by bis 
(p-chlorophenoxy)-methane (Neotran) and 
results from current investigators indicate 
the possible replacement of Neotran 
by  beta-chloroethyl-beta’-(p-tertiary- 
butylphenoxy)-alpha-methylethy! sulfite 
(88-R) and p-chloropheny! p-chloro-ben- 
zene sulfonate (K-6451). 

Tartar emetic plus sugar was univer- 
sally used in California and Arizona for 
control of citrus thrips until the early 
1940’s when the thrips became resistant 
to it. In California its use was partially 
supplanted by nicotine-sugar baits but 
within a few years the thrips became resis- 
tant to nicotine. During recent years 
DDT has largely been used for control of 
citrus thrips in California and Arizona and 
current indications are that resistance to 
this material is developing. Preparations 
of sabadilla that has not been activated 
with hydrated lime and with sugar in- 
cluded in the spray mixture have recently 
come into use for control of this thrips 
and dieldrin has been highly effective in 
the experimental work. DDT incorporated 
with light dosage of kerosene has been 
widely used for control of citricola scale 
and to some extent for control of black 
scale. During recent years, tetraethyl 
pyrophosphate has displaced nicotine to 
a considerable extent for control of aphids. 
Toxaphene and chlordane are used in 
Florida for control of grasshoppers, sev- 
eral species of plant bugs, and the little 
fire ants, although DDT is also used for 
the latter purpose. Chlordane has limited 
use in California for control of the Ar- 
gentine ant. In Arizona, chlordane and 
toxaphene are used for control of grass- 
hoppers. 

Cryolite has been used for many years 
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in California for control of the orange tor- 
trix, but it is not effective in control of the 
pink scavenger worm, Pyroderces rileyi 
(Wals.), a relatively new pest. However, 
DDD (TDE) and parathion each show 
promise for control of both species. Arseni- 
cals are not used on citrus for insecticidal 
purposes although calcium arsenate in- 
corporated with either wheat bran or 
freshly pressed orange pulp is commonly 
used as a bait treatment in California for 
control of the brown snail, Helix aspersa 
Miller. 

While the citrus investigations have 
contributed materially to the knowledge 
regarding a number of insecticides, the 
most significant early advances resulted 
from the work with petroleum oil and 
HCN. These and contributions accruing 
from work with other materials will be 
be mentioned. 

Petroleum Oil.—-lkerosene was used as 
early as 1860 in Florida for control of 
scale insects on citrus trees. Until the early 
1880's it was used on citrus undiluted or 
with water as a crude mechanical mixture, 
even though serious tree injury often re- 
sulted. While during the 1870’s investiga- 
tors on other crops worked with mixtures 
of kerosene, soaps of various kinds, and 
water it was Hubbard’s work on citrus in 
Florida, beginning in 1880, with kerosene 
emulsified with milk that led to the de- 
velopment of the Riley-Hubbard formula 
in 1883. This well known formula con- 
sisted of kerosene, 2 gallons; soap, 8 
ounces; and water, 1 gallon. The emulsion 
was prepared by dissolving the soap in hot 
water to which the kerosene was added 
and the mixture pumped through a spray 
nozzle until a thick emulsion was pro- 
duced. The R & H formula was virtually 
the standard for more than 30 years for 
emulsions of petroleum oils other than 
kerosene. 

Subsequent use and further develop- 
ment of petroleum oils on citrus had varied 
and interesting trends and it is on that 
crop that these oils have had most exten- 
sive use. 

In Florida, kerosene, crude oils, and 
distillates were used mostly as emulsions 
from the middle 1880’s until about 1911, 
when they were largely replaced by 
lubricating oil emulsions. In 1906, John 
Schnarr introduced a proprietary emul- 
sion of paraffin-base lubricating oil (Yoth- 


ers & McBride 1928). W. W. Yothers of 
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the Federal Bureau of Entomology im- 
mediately recognized the possibilities of 
cheap lubricating oils for use on citrus. 
The pioneer work of Yothers and his asso- 
clates led to the original development 
and introduction in 1911 of emulsion 
formulas of Diamond Paraffin Oil (28° 
Baumé) and also of Junior Red Engine oil 
(2° Baumé), each oil being emulsified with 
caustic potash whale oil soap (Yothers 
1911). For later developments on use of 
lubricating oils in Florida, see Yothers 
1922, Yothers & McBride 1928, and Zieg- 
ler 1939. Almost from the time of their 
introduction in 1906, relatively heavy 
grades of comparatively low unsulfonated- 
residue lubricating-oil emulsions of para- 
ffin base have been used for citrus sprays 
in Florida. During recent years, however, 
oils of both paraffin and naphthene base 
and of lighter weight, 7.e. 70 to 100 sec. 
Saybolt viscosity, with an unsulfonated 
residue of 75 to 85 per cent, have been 
generally used. A certain amount of highly 
refined oils is now used, also. In current 
practice the oils are used both as stock 
emulsions and as tank mixtures. 

On California citrus, kerosene and dis- 
tillates were mostly used until about 1920, 
and until then they were commonly used 
as mechanical mixtures. The Western 
crude oil stocks are predominately of 
naphthenic base. Studies in 1915-16 by 
Gray & deOng (1926), in which they re- 
lated plant injury from petroleum oils to 
the amount of unsaturated compounds 
present, marked one of the greatest steps 
in the progress of oil sprays for use on 
foliage. Commerical use of highly refined 
lubricating oil emulsions on citrus began 
in 1923, when W. H. Volck developed, 
apparently independent of work else- 
where, and offered for sale, a mayonnaise- 
type emulsion for use at a dosage of 10 to 
13 per cent for control of the California 
red scale. The belief then was that an oil 
emulsion should be as stable as possible. 
Concept of the quick-breaking principle 
in relation to efficiency in kill of scale was 
evidently not fully appreciated until ini- 
tiation in 1924 of the work of deOng, 
Knight, & Chamberlin (1927). Elucidation 
of this principle by those workers resulted 
in the effective use of a dosage of 2 per 
cent, and hence oil sprays became eco- 
nomically practical and met the great 
demand for their general use. 

The highly variable performance of 
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proprietary oil spray emulsions, as re- 
flected in kill of scale insects and in tree 
injury, prompted R. H. Smith to under- 
take, in 1926, his classical studies of the 
underlying factors. He related the amount 
of oil deposited to the degree of scale in- 
sect control, and also to the amount of leaf 
drop. He elucidated, among other factors, 
the role of spreaders and emulsifiers in the 
initial and secondary deposits. These 
studies culminated in the revival of tank- 
mixture concept, in which blood albumin 
was the emulsifying agent (Smith 1932). 
In addition, his studies made notable con- 
tributions to the standardization of citrus 
spray oils. 

The California Department of Agricul- 
ture, Division of Chemistry, recognized 
the need for standardization and in 1932 
adopted a classification with five grades 
for petroleum fractions, with specifications 
for the minimum unsulfonated residue 
(U. R.) and the distillation range in terms 
of the per cent distilled at 636° F. for 
each (Erb 1932, and Marshall 1932). 
Tank-mix sprays were widely used until 
the middle 1930’s, when they were largely 
replaced by quick-breaking emulsive oils, 
colloquially known as “soluble oils.” 
Knight & Cleveland (1934) developed 
emulsive oils. The emulsifying agents are 
in solution in the oil and emulsification is 
accomplished in the spray tank at time of 
use. Due to the persistency of the view 
that premixed emulsions offer greater uni- 
formity and plant safety, the use of so- 
called flowable emulsions began in 1937. 
These proprietary materials contain ap- 
proximately 80 per cent oil emulsified in 
water, the consistency so adjusted that 
the emulsion pours readily and flows easily 
through a relatively small valve. Flowable 
emulsions currently share about equally 
with emulsive oils in general use. 

Advances in petroleum chemistry dur- 
ing the 1930’s enabled additional meas- 
urements of chemical properties and 
other characteristics. Oils could be sepa- 
rated into narrower fractions, and pure 
hydrocarbons approximating molecules of 
spray oil in molecular weight and configu- 
ration could be synthesized. In 1939 
Chapman & Pearce at the New York 
(Geneva) Station initiated basic studies of 
spray oils for use on deciduous trees, in 
which they related chemical composition 
and other properties of narrow-cut frac- 
tions to efficiency. Their excellent work 
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clearly showed that paraflfinicity of spray 
oils is directly related to their insecticidal 
efficiency and plant safety (Pearce et al. 
1942, Chapman et al. 1943). Cooperative 
work with Chapman & Pearce and the 
Shell Agricultural Laboratory has been in 
progress for several years at the Univer- 
sity of California Citrus Experiment Sta- 
tion in an effort to determine the relation 
of the newer principles to the use of petro- 
leum oils on citrus. Results have shown 
that considerable improvement in insec- 
ticidal efficiency against citrus scale in- 
sects and mites is possible, but until 
further information is obtained from cur- 
rent research on the relation of composi- 
tion of oils to plant tolerance, the field 
work with new petroleum fractions is 
limited to experimental application (Rieh] 
& LaDue 1950). 

The adverse effects of petroleum oil 
sprays on citrus trees and fruit have been 
studied extensively in both Florida and 
California. Only several highly significant 
aspects of this work will be mentioned. 
Yothers & McBride (1929) reported the 
results of work started in 1925, which 
demonstrated retardation of the maturity 
of oil-sprayed oranges, as shown by a delay 
in the development of color, by lower 
soluble solids, and by a lower ratio of 
solids to acids. At about the same time, 
Higby et al.,! working with Valencia 
oranges in 1927, and Baier (1932), working 
with navel oranges in 1932, in California, 
found a reduction in total soluble solids 
and acids of oil-sprayed fruit, and, as a 
rule, an impaired taste. Experiments by 
Sinclair et al. (1941) clearly established 
that under California conditions the per- 
centage of total soluble solids was lower in 
oranges sprayed with oil than in those 
fumigated with HCN or left untreated. 
Thompson & Sites (1945) obtained similar 
results in Florida, but found that these 
effects of oil sprays occurred principally in 
orchards treated after July. 

Beneficial results have been obtained in 
California from the use of 2,4-D as an 
amendment to oil sprays. Preliminary 
work by Stewart & Ebeling (1946) showed 
that even the leaf drop and fruit drop 
from a low U. R. oil could be reduced sig- 
nificantly by adding 2,4-D to the spray 
mixture. But the most significant develop- 

1 Higby, R. H., et al. A study of the effect of various oil sprays 
on the development and composition of Valencia oranges. Un- 


published data. Calif. Fruit Growers Exchange, Research Dept. 
Ontario, Calif. 
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ment with 2,4-D resulted from the work of 
Stewart, Riehl & Erickson,! in which it 
was found that small amounts of this ma- 
terial incorporated in oil sprays materially 
reduced leaf drop and fruit drop following 
treatment, and that the reduction is ob- 
tained to best advantage when the 2,4-D 
is present in the oil at the time it is ap- 
plied. The evidence demonstrated, also, 
that the benefits of 2,4-D for the reduction 
of the preharvest drop of mature fruit 
were realized fully by adding the material 
to oil sprays required for pest control. 
Klotz & Stewart (1948) found that ap- 
plications of 2,4-D decreased the incidence 
of fruit-stem die-back, and that the same 
result was obtained when 2,4-D was used 
in conjunction with oil sprays. The in- 
clusion of 2,4-D with oil sprays on citrus 
is now a general practice in California. 

Substantial improvement in the effec- 
tiveness of petroleum oil sprays on citrus 
has resulted from the use of added toxi- 
cants. Rotenone-bearing materials in- 
corporated with oil sprays through the use 
of solubilizers and mutual solvents, or 
without such materials, have greatly im- 
proved the effectiveness of the treatment 
on the California red scale, purple scale, 
and black scale (English 1939, Boyce 
et al, 1940, Ebeling 1940, Ebeling et al. 
1944, Cressman & Broadbent 1944, Lind- 
gren et al. 1945). Likewise, increased ef- 
fectiveness against scale insects in Cali- 
fornia has resulted from the incorporation 
of DDT with both kerosene and conven- 
tional spray oils (Lindgren et al. 1944, 
Ebeling, 1947, Carman 1948, Ewart & 
Carman 1949) and also with parathion in- 
corporated with spray oils (Cressman ef al. 
1949, Carman & Ewart 1950). 

HCN Fumication.—The destructive 
nature of the cottony-cushion scale to 
citrus in the early 80’s prompted the use 
of many materials in attempts to control 
this scale insect. Limited attention was 
given to materials that might kill through 
fumigation or at least they were liberated 
within a tented enclosure covering the 
tree. Among the materials tried were heat, 
steam, sulfur fumes, gunpowder, muriatic 
acid gas, carbonic acid gas, chloroform, 
methyl alcohol, carbon disulphide and 
arsenic. In 1886 Coquillett investigated 
hydrocyanic acid gas and found that it 
would kill the scales, but that it caused 
tree injury. This information was suffi- 
ciently encouraging to warrant an ex- 
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tended study of HCN as a fumigant, and 
it was in 1887 that A. W. Morse undertook 
his investigations which showed that of 
many materials, HCN was the most 
promising. He published a bulletin on 
“The use of gases against scale insects” 
which was the first published account of 
HCN fumigation on citrus trees (Morse 
1887). Soon thereafter HCN fumigation 
became a standard practice in California 
for control of scale insects, largely through 
the efforts of Coquillett and the continual 
encouragement of J. W. Wolfskill, a 
prominent citrus grower. It is still in use 
to a limited extent. In Florida, fumigation 
was not found to be practical. 

Some of the most significant advances 
made in citrus tree fumigation with HCN 
will be mentioned. At the beginning of 
citrus tree fumigation the gas was gen- 
erated outside the tent. In 1889, Coquil- 
lett & Bishop undertook work with the 
“pot system” which consisted of placing 
water, sulfuric acid, and potassium cya- 
nide in an earthenware vessel beneath 
each tented tree. Because of excessive 
tree injury these workers substituted 
night fumigation for day fumigation, and 
because previous tent materials were 
highly unsatisfactory, Coquillett (1893) 
developed the use of duck tents. In order 
to determine dosage of HCN per tree more 
accurately, Woodworth (1903) developed 
a system of marking tents to determine 
rapidly the volume of the trees, for use in 
calculating the dosage from his tables. 
His system was, however, superseded by 
a better method developed by Morrill 
(1908) in Florida. The excellent work of 
Woglum (1909) in California contributed 
greatly to the standardization of fumiga- 
tion, and his dosage tables, with slight 
revision in collaboration with Quayle 
(1938b) and co-workers, are still in use. 
The discovery of the use of liquid HCN 
for fumigating plants in the field by Dingle 
in California in 1916, evidently indepen- 
dently of the work of Malley in South 
Africa in 1915, proved to be one of the 
greatest developments in citrus fumiga- 
tion. Introduction of the hot-gas applica- 
tor in the early 1930’s represented another 
significant advance in fumigation pro- 
cedure. Quayle (1928) made extensive in- 


1 Stewart, W.S., L. A. Riehl, and L. C. Erickson. The use of 
2,4-dichlorophenoxyacetic acid and related substances as an 
amendment to oil sprays for citrus. Manuscript on file at Uni- 
versity of California Citrus Experiment Station, Riverside, 
California. 
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vestigations on the calcium cyanide dust 
method of fumigation in California, be- 
ginning in 1922. This method did not 
prove applicable for use there but was 
successful in Australia and Spain, into 
which countries it was introduced by 
Quayle; it was also used in Egypt, Pales- 
tine, and other countries. 

Factors relating to plant injury by 
IICN fumigation have been investigated 
from the outset and they have been well 
reviewed by Quayle (1938b). Subse- 
quently, the studies by Bartholomew 
et al. (1942) have made notable basic con- 
tributions to the knowledge of this subject. 

Recognition of the phenomenon of re- 
sistance to HCN by the California red 
scale and the black scale about 1914 and 
by the citricola scale about 1926 led to a 
great amount of work on this subject, the 
literature of which has been particularly 
well reviewed by Quayle (1938a) and 
Babers (1949). In addition it stimulated 
revival of basic investigations of the 
mechanics of the fumigation procedure 
such as diffusion of the gas under the tent 
(Fulton et al. 1941), use of various cotton, 
nylon, and orlon materials for tents (Lind- 
gren et al. 1947, Yust et al. 1948, and Yust 
1950), and also the use of gastight tent 
materials (Lindgren & Dickson 1946). 

Despite the great amount of excellent 
research that has been done during the 
past two decades none of the new de- 
velopments have substantially improved 
the efficacy of citrus fumigation. 

Resistance of Citrus Insects to Insecticide 
Action.—The first well authenticated 
cases of insect resistance to insecticides 
were demonstrated with California red 
scale and black scale to HCN and were 
reported by Quayle (1916). Similar resis- 
tance to HCN was subsequently found in 
citricola scale (Quayle 1938a) and in 
yellow scale (Lindgren & Carman, unpub- 
lished). This resistance has posed a serious 
problem to the citrus industry inasmuch 
as the dosages of HCN necessary to secure 
adequate kills of the resistant scales are so 
large as often to cause serious tree injury. 

Laboratory studies have shown that 
the resistant strain of red scale is also 
more resistant to other fumigants such as 
methyl bromide and ethylene oxide 


(Quayle 1938a), but no differences have 
been shown in susceptibility to ethylene 
dibromide (Lindgren & Gerhardt 1947), 
oil sprays (Lindgren & Dickson 1942), nor 
to parathion (Carman, unpublished). The 
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resistance of red scale to HCN has been 
found to be maintained undiminished in 
laboratory colonies for periods of 6 years 
(Yust et al. 1943) or more than 70 genera- 
tions (Lindgren & Dickson 1945). 

A number of genetic and physiological 
studies have been made of this phenom- 
enon of HCN resistance in California 
red scale. Dickson (1941) found that the 
resistance was inheritable and sex-linked, 
depending on a single gene or group of 
closely linked genes. Crosses between the 
resistant or nonresistant strains produced 
female offsprings of intermediate resis- 
tance and males which inherited their 
mothers’ resistance. Hardman & Craig 
(1941) have suggested that resistant scales 
were able to protect themselves by closing 
the spiracles for extended periods of time, 
following exposure to low doses of HCN, 
although Quayle (1942) has pointed out 
that the differential in resistance between 
the two strains of the red scale could be 
detected in short initial exposures before 
spiracular closure could be observed. 
Lindgren & Sinclair (1944) have found 
that more HCN could be recovered from 
nonresistant red scales after fumigation, 
than from the resistant variety. Further 
fundamental work with radioactive tracers 
is planned to clarify the problem. 

An altogether different type of resis- 
tance is that of the citrus thrips to the 
stomach poison tartar emetic. This was 
first reported by Boyce et al. (1942) and 
spread so rapidly that within a few years 
this material was scarcely used for con- 
trol and was largely replaced by nicotine- 
sugar baits. Persing & Barnhardt (un- 
published data) tested over 50 antimony 
compounds in the laboratory on the re- 
sistant race of thrips and none was effec- 
tive. Subsequent field work with nicotine- 
sugar baits and later with DDT sprays 
and dusts, has indicated that the thrips 
have developed additional resistance to 
these materials (Ewart, unpublished 
data). 

OrHER CONTRIBUTIONS 10 INsEcT Tox1- 
coLoGy.—Considerable emphasis is placed 
on research in insect toxicology at the 
University of California Citrus Experi- 
ment Station because of the great im- 
portance of citrus insects and mites. In 
studies of the comparative insecticidal and 
acaricidal action of a series of dinitro- 
alkyl phenols, it was found that maximum 
toxicity was associated with the presence 
of a six to eight carbon side chain (Kagy 
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1941). Work with these compounds led to 
the development of 2,4-dinitro-6-cyclo- 
hexylphenol for the control of the citrus 
red mite (Boyce, Kagy et al. 1939, Boyce, 
Prendergast et al. 1939). This represented 
the first successful commercial develop- 
ment of a synthetic organic acaricide. 

Studies with newer organic acaricides 
(Jeppson 1947, Metcalf 1948) have re- 
vealed the highly specific nature of com- 
pounds such as_ bis-(p-chlorophenoxy)- 
methane and di-(p-chlorophenyl) methyl 
carbinol to the citrus red mite and the 
two-spotted spider mite, respectively. 

Work with a number of synthetic oils 
has indicated that these materials have 
promise for the control of California red 
scale, citrus red mite and citrus bud mite 
(Jeppson 1947, Carman, unpublished 
data). Among the most promising are di- 
2-ethylhexy!] phthalate, dioctyl sebecate 
and alkylated dipheny! oxides. These ma- 
terials are more effective than conven- 
tional petroleum oils and in most cases 
have proved safe for use on citrus foliage. 
Laboratory studies have shown that the 
most toxic derivatives are those whose 
physical properties are optimum with re- 
gard to viscosity, boiling point and chemi- 
cal inertness. 

Field studies with parathion have 
shown that this material, while highly 
toxic to red, purple, yellow, black, citri- 
cola, and cottony-cushion scales, is inef- 
fective against soft (brown) scale, Coc- 
cus hesperidum Linn. Laboratory work on 
this problem has indicated that parathion 
is ineffective in inhibiting the cholines- 
terase of soft scale, and has resulted in 
the development of considerable informa- 
tion on the mode of action of organic 
phosphate compounds (Metcalf & March 
1949) which has led to interesting disclo- 
sures regarding the specific properties of 
insect cholinesterases (Metcalf & March 
1950). As a result of these studies a 
number of new organic phosphates are 
now being evaluated in the field for con- 
trol of scale insects and mites on citrus. 

Studies of the relation of chemical struc- 
ture to systemic insecticidal action are in 
progress, supported by work with radio- 
active tracers, and have already shown 
promise of the development of new sys- 
temics for use in the control of citrus pests 
and in clarifying the mode of action of 
these compounds. 

CoMPATIBILITY OF INSECTICIDES, FuN- 
GICIDES, AND NUTRITIONAL MATERIALS. 
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For economic and other reasons it is usu- 
ally desirable either to control more than 
one species of citrus pest each possibly re- 
quiring a different insecticide or to include 
with an insecticide treatment nutritional 
materials, fungicides and plant growth 
regulators (in California). Perhaps with 
no other crop are these needs so acute. 
These general over-all requirements give 
prime importance to investigations of the 
compatibility of an array of materials not 
only from the viewpoint of efficacy of any 
given component of the spray or dust mix- 
ture but also to the matter of possible 
injury to the tree and fruits. It is not un- 
common to include from 4 to 8 chemicals 
in the same spray mixture in order ef- 
fectively and economically to handle the 
entomological, plant pathological, and 
nutritional problems with a single applica- 
tion. (See Thompson 1939 and Florida 
Citrus Commission 1950, for Florida con- 
ditions; and Woglum 1945, for California 
conditions.) 

Resipugs oF [Nsecticipes.—-In order 
effectively to investigate insecticides in 
use or under serious study on citrus it has 
been necessary to develop methods and 
techniques to enable estimation of not 
only the surface residue but also the in- 
ternal residue of various materials, in 
particular reference to fruits. To this end, 
adequate field sampling techniques for 
leaves and fruits (Gunther 1948, Carman 
et al. 1950) have been developed and 
chemical methods have either been de- 
veloped or adapted from existing methods 
for petroleum oil, sulfur, cryolite, nico- 
tine, 2,4-dinitro-6-cyclohexylphenol, tar- 
tar emetic, DDT, parathion, beta-chloro- 
ethyl -beta’ - (p - tertiary -butylphenoxy)- 
alpha-methylethyl sulfite (88-R), p-chlo- 
rophenyl  p-chlorobenzene sulfonate 
(K-6451), aldrin and dieldrin. In connec- 
tion with residues of some of the newer 
organic compounds on citrus certain in- 
teresting principles have become evident. 
Because of the relatively high natural oil 
content of the peel of citrus fruits, com- 
pounds such as DDT and _ parathion, 
which are relatively soluble in plant oils 
may, under certain conditions, present a 
significant problem as the result of their 
presence in citrus products such as the 
essential oils of citrus and cattle feeds 
(Carman et al. 1950). Residues of these 
two particular materials have no apparent 
significance from the viewpoint of fresh 
fruit consumption. The rapidly expanding 
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emphasis on citrus canning operations 
may present problems not previously en- 
countered in the use of insecticides. 

INSECTICIDE APPLICATION EQUIPMENT. 

Citrus pest control has necessitated the 
development of special equipment and 
methods for the application of insecticides. 
Covering the trees with a tent and liberat- 
ing gas beneath it, as in HCN fumigation, 
is practical because the citrus tree is me- 
dium size, compact in growth, and always 
in leaf. For about 50 years, the canvas 
fumigation tents were pulled over the 
trees by hand, but within the past decade 
mechanical tent pullers have been devised 
which are highly satisfactory (Woglum 
1944b). In spraying the densely foliated 
citrus trees for control of scale insects, it is 
necessary to use large capacity high- 
pressure mobile spray equipment, with 
hydraulically operated, telescopic towers 
equipped with “catwalks,” to make pos- 
sible adequate coverage of all parts of the 
trees. There have been, during the past 
decade, extended investigations on me- 
chanical aids to save labor in the treat- 
ment of citrus trees with spray liquids 
and with dusts. From these efforts have 
resulted certain air-blast type equipment 
such as the “Speed Sprayer” which is 
widely and evidently satisfactorily used in 
Florida for the general pest control pro- 
gram on citrus and which is coming into 
use in California in a more limited way 
for specialized uses. Progress is being 
made in the development of mechanically 
oscillating boom applicators on spray rigs 
(Woglum 1944a). 

The principle of employing a relatively 
large volume of air at a relatively low 
velocity discharged from fixed or me- 
chanically oscillating outlets of “‘fish-tail”’ 
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design, came into general use in the 30's 
for the oe of dust insecticides on 
citrus in California. Previously the re- 
verse principle, 7.e. low volume of air at 
high velocity discharged from small 
tubular outlets which required manual 
manipulation had been universally used in 
the dusting of citrus and other tree crops. 
These “‘fish-tail’’ dusters have been modi- 
fied for the application of atomized 
liquids as semi-concentrate and concen- 
trate sprays (Lewis & Landon 1949). 

The use of service rigs, commonly called 
“nurse rigs,’ probably attained e: rly and 
most pronounced development in relation 
to citrus spray operations. These are 
mobile tanks, usually of 500 to 600 gallon 
capacity, with pumps having a capacity 
of from 100 to 300 gallons per minute, 
which service the regular spray rig in the 
orchard (Woglum 1947). 

The application of insecticides on citrus 
from the air either with fixed-wing air- 
craft or with helicopters has not been 
generally satisfactory except in ‘Texas 
where sulfur dust for mite control is com- 
monly applied by aircraft. Results from 
repeated trials with aerosol equipment 
have not been promising. 

Tue Furure.—The acreage of citrus 
production in this country is expanding, 
and increasing emphasis is being placed 
on entomological problems of citrus in 
Florida, Texas, and California. These 
facts, together with the rapid develop- 
ment of entomology in all of its aspects, 
bringing forth new methods, new tech- 
niques, new tools, give promise of addi- 
tional significant contributions to the ad- 
vancement of our science from research on 
citrus problems. 
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SUB-TROPICAL ENTOMOLOGY 
By Dr. Walter Ebeling 
A CorRECTION 


In a review of Dr. Walter Ebeling’s recent book on 
Sub-Tropical Entomology, the following errors are 
present. First, the price of the book is $7.50 rather 
than $8.00 as stated in the review. Second, there is 
a mention of certain errors of fact and errors of ty- 
pography in the review. It should be added that 
these errors have been corrected in the later print- 
ings. The review was published in the August, 1950, 
number of the JouRNAL, page 575 








The Citrus Blackfly Situation in Mexico! 


J. F. Cooper, C. C. PLummer, and J. G. Saaw, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


The citrus blackfly, Aleurocanthus wog- 
lumi Ashby, has been known in the West- 
ern Hemisphere for 36 years and Florida 
officials have been concerned over the 
likelihood of its introduction into that 
state from Cuba or the Bahamas for 23 
years. Only within the last 30 months 
have the citrus industries of California, 
Arizona, and Texas become aware of the 
rapid northward advance of this pest in 
Mexico toward those citrus-growing areas 
in the United States. 

DisrriputTion.—The citrus _ blackfly 
was first reported in the Western Hem- 
isphere from Jamaica in November 1913, 
and later from Cuba and Nassau in 1916 
(Quaintance & Baker 1916), from Panama 
in 1917 and from Costa Rica in 1918 
(Dietz & Zetek 1920). The introduction 
and establishment of the parasite, Eretmo- 
cerus serius Silv., in Cuba in 1930 con- 
trolled the citrus blackfly to a remarkable 
degree and greatly reduced the risk of 
spread to Florida (Clausen & Berry 1932). 
Nevertheless, infestation was found in 
Key West, Florida, in 1934. A program of 
eradication involving the spraying of 
trees with oil emulsion every 20 days was 
undertaken immediately and was success- 
fully terminated in 1937 (Newell & 
Brown 1939). 

The citrus blackfly was first found in 
Mexico on the West coast by A. C. Baker 
and A, Dampf in 1935 on citrus growing 
in Eldorado, Sinaloa (J. M. Baker 1937). 
By 1943 it was reported as being generally 
distributed in the state of Sinaloa, in 2 
localities in the state of Nayarit, 6 in 
Colima and 4 in Jalisco (Delgado de G. 
1943). 

Infestations of citrus blackfly in the 
north were reported from Navojoa, Ciu- 
dad Obregon, Cocorit, and Empalme in 
the state of Sonora on the west coast in 
June 1947 (Woglum and Smith 1947). In 
September of the same year it was found 
by inspectors of the U. S. Department of 
Agriculture in the town of Guaymas and 
in nearby commercial groves, the latter 
some 270 miles south of the Arizona 
border. In June 1949 infestation at La 
Paz, Lower California, was verified by 
EK. C. Harrison of the Bureau of Ento- 


ry 


‘ 


mology and Plant Quarantine. On De- 
cember 3, 1949, one infested leaf was found 
in Hermosillo, Sonora, only 181 miles 
south of Nogales, Arizona. 

The infestation also spread in other 
directions. It was found in Cuernavaca, 
Morelos, by Shaw in 1944, and within 3 
years it was generally distributed through- 
out that state and occurred in the neigh- 
boring state of Guerrero. In the last few 
years the citrus blackfly has been reported 
from most of the states of central Mexico. 

The citrus blackfly was found in Jan- 
uary 1947 about 12 miles south of Valles, 
San Luis Potosi, and within a year and a 
half it had spread to practically all the 
300,000 citrus trees in the region. 

With the Mexican citrus growers and 
officials alerted to the seriousness of this 
pest and by increased inspection through- 
out the Republic, infestations were re- 
ported in December 1948, from many 
places, including Coatepec, Xico, and 
Tlapacoyan in the important citrus-grow- 
ing region of the state of Veracruz. 

Of particular concern to Texas was the 
finding of infestation in Ciudad Victoria, 
Tamaulipas, in May 1949, a distance of 
185 air miles from Brownsville. It was 
next found at E] Alamo, Nuevo Leon, in 
July of the same year. This was followed 
in September by the infestation in Mon- 
terrey, only 125 miles by air from the 
western end of the citrus plantings of the 
lower Rio Grande Valley of Texas. 

In the fall of 1949 funds were made 
available to the Bureau for cooperation 
with the Mexican Government and local 
growers committees for surveys for oc- 
currence of the citrus blackfly in northern 
Mexico. In the course of this joint survey 
infestation was found on a single tree in 
Matamoros, Tamaulipas, just across the 
Rio Grande from Brownsville, Texas, 
on January 19, 1950.2 On January 24, 
1950, a light infestation was found at 
Montemorelos, Nuevo Leon. A very in- 
tense inspection has been continued in the 


1 Presented before the meeting of the American Association 
of Economic Entomologists, Tampa, Fla., December 13-16, 
1949. 

2 The information in this paragraph has been inserted since 
the presentation of this paper. 
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vicinities of these locations without re- 
vealing new infestations. 

Host Pxiants.—A_ search for host 
plants of the citrus blackfly has been con- 
tinued in Mexico for several years, usu- 
ally incidental to other studies. Imma- 
ture forms have been found on 155 species 
of plants representing 61 families as listed 
by Shaw (1950a). Many of these plants 
were included in the compilation of 
Dietz and Zetek (1920), and some new 
records were made by Delgado de G. 
(1943) and Secretaria de Agricultura y 
Ganaderia (1948). Complete develop- 
ment of the citrus blackfly from egg to 
adult has been observed on 75 plant 
species in 38 families. Species of Citrus 
are the most favored hosts. Heavy popu- 
lations develop and fruit production de- 
clines. Other plants frequently found 
heavily infested are mango, cherimoya, 
several species of persimmon, pear, quince, 
coffee and myrtle. Among those found in- 
fested in varying degrees, and on which 
complete development has been noted are 
jobo, plum, monstera, gumbolimbo, box 
tree, canna, mammee-apple, avocado, 
crape-myrtle, haw, hibiscus, chinaberry, 
breadfruit, banana, bird-of-paradise flower, 
cattley guava, rose apple, ash, Washing- 
ton palm, pomegranate, poplar, soap- 
berry, yellow sapote, sapodilla, sapote 
mamey, night-blooming jessamine, chili 
pepper, and grape. Relatives of several of 
these hosts found growing wild in north- 
eastern Mexico were brought to Cuer- 
navaca and exposed to citrus blackfly. 
Some became infested, a few of which 
represent the citrus, persimmon, and 
soapberry families. 

ParasitEs.—The parasite Eretmocerus 
serius effectively controls the citrus black- 
fly in Cuba and the Canal Zone, and 
it has been colonized in a number of locali- 
ties in Mexico. A shipment was made by 
the Bureau of Entomology and Plant 
Quarantine from the Canal Zone in 1938, 
and the parasites were released by the 
then Mexican Officina de Defensa Agri- 
cola near Eldorado, Sinaloa. Apparently 
the parasite failed to become established 
following this introduction; so a second 
joint effort was made by the United States 
and Mexican Governments in 1943, Ma- 
terial was shipped from the Canal Zone 
and 34 colonies were released in Sinaloa, 
23 in Colima, and 3 in Nayarit (Smith 
1945). 
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Data by Shaw (1950b) show that the 
parasite persisted but did not bring 
about commercial control of the citrus 
blackfly in any of these places with the 
possible exception of the coastal area of 
Tecoman, Colima. The parasite was later 
introduced at Cuernavaca. Observations 
there indicated that by the end of the 
rainy season in the fall parasitization 
reached as high as 85 per cent, but by the 
end of the dry season in May it had 
dropped as low as 8 per cent. The long dry 
season, typical of most of the citrus-grow- 
ing areas of Mexico, appears to repress 
normal reproduction of this parasite. 
Colonies released in the Valles area have 
responded in a similar manner. 

InsecticipEs.—One of the earliest 
papers (Ashby 1915) on the citrus black- 
fly recommends the use of kerosene emul- 
sion or lime-sulphur for control in Jamaica 
and mentions that the larval stages are 
probably more susceptible to an oil emul- 
sion spray when moulting. Ritchie (1916), 
also in Jamaica, reported on the use of the 
citrus spray of Diamond paraffin oil and 
whale-oil soap. This spray was developed 
in Florida in 1911 for use against white- 
flies (Yothers & McBride 1928) and ap- 
pears to have been the most commonly 
recommended control for citrus blackfly 
in the West Indies prior to the establish- 
ment of the parasite Eretmocerus serius. 
It was also used in the spraying campaign 
begun in Cuba in 1916 (Arango 1919) and 
in the eradication campaign in Key West, 
Florida, in 1934-37 (Newell and Brown 
1939). Arango (1919) states that later an 
emulsion of kerosene and common yellow 
soap was substituted in Cuba, owing to 
lower costs, with almost the same con- 


trol. In their preliminary insecticide 
studies in Panama, Dietz and Zetek 


(1920) tested fish-oil soap, kerosene emul- 
sion, and nicotine oleate, Fisher (1920) 
states that paraffin oil plus fish-oil soap 
was the most effective spray in the Canal 
Zone. Yothers & McBride (1928) reported 
that a spray of 5 per cent extract of derris, 
1 to 800, and 1 per cent of oil had given 
satisfactory control of whiteflies, aphids, 
and scale insects in. Florida for several 
years. 

Studies on chemical control of the citrus 
blackfly were begun by two of the authors 
(Plummer & Shaw) in Cuernavaca, More- 
los, Mexico, in 1945. The first studies were 
conducted with 5 per cent kerosene emul- 
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sion and 1 per cent emulsive spray oil, 
with and without DDT added, following 
the lead of Lindgren et al. (1944) in their 
experiments on scale, but these formulas 
were not especially effective. Improved 
toxicity was obtained when dibutyl 
phthalate, first reported for scale by 
Smith (1932) and later by Cressman 
(1938), Ebeling (1940), and Osburn & 
Mathis (1944), was used as the mutual 
solvent to incorporate derris extractives 
into the oil. Later it was found that pow- 
dered derris or cube root mixed directly 
with the oil and allowed to stand a short 
time before use, as reported for scale by 
Kbeling & La Due (1943), was equally 
effective and eliminated the need for the 
mutual solvent. However, only with 1.67 
per cent oil and adequate rotenone-bear- 
ing powder was excellent control obtained. 
Tests were conducted with a number of 
other toxicants in oil (Plummer & Shaw 
1947), but 1.67 per cent light-medium 
emulsive or soluble oil containing 4.5 
ounces of powdered derris or cube root 
with 5 per cent rotenone content per 
gallon of oil, which had been proved 
highly toxic to larvae and pupae of the 
citrus blackfly, continues to be the most 
efficient formula for control of this insect. 

Another formula found effective against 
the blackfly in Mexico, which may have a 
place in either general control or cleanup 
of incipient infestations, consists of 1.75 
pounds of DDT dissolved in 2 quarts of 
xylene and 2 quarts of kerosene. This 
solution is mixed with water to make 100 
gallons, and 4 ounces of blood albumin 
spreader added. This formula is not so 
effective against the pupal stage as cube 
in oil, but it appears to have appreciable 
residual value against larval stages and 
probably adults as well. It has been ap- 
plied 12 times at monthly intervals to the 
same lime trees, with no apparent damage 
to the trees. Many other insecticides 
have been tested, including benzene 
hexachloride, chlordane, toxaphene, and 
Lethane (beta-butoxy-beta’-thiocyano- 
diethyl ether). All were less toxic than 
cube in oil. 

Parathion has been tested as a wettable 
powder suspension (Woglum eé al. 1949), 
in oil emulsion, and as a dust (Plummer 
& Shaw 1949). It is very effective against 
the citrus blackfly, but it has not been 
recommended for general use owing to 
the risks connected with its application. 
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Although the early results with para- 
thion dust, as cited, were very effective, 
later experiments in Valles gave very low 
toxicity with 0.25, 0.5, and 1 per cent 
concentrations of parathion. The final 
evaluation of parathion dusts for the 
citrus blackfly, therefore, must await 
further study. 

LARGE-SCALE ConTROL EXPERIMENTS. 
—Following determination of the exten- 
sion of the citrus blackfly infestation as 
far northward as Guaymas and Empalme 
on the west coast in 1947, an organization 
of California-Arizona growers raised a 
fund of $25,000 and set up a program in 
cooperation with the Direccién General 
de Agricultura of the Mexican Govern- 
ment for the purpose of combating the 
citrus blackfly in the Guaymas-Empalme 
area. The four large citrus growers in the 
Guaymas area contributed 26,000 pesos 
(about $5360 in U. S. currency) for in- 
secticides and a spraying campaign was 
started in the fall of 1947 using mostly 
cube in oil. All citrus in the area was 
sprayed at least once, two of the large 
groves twice, the town of Guaymas twice, 
and the town of Empalme three times 
(Woglum 1948). These sprays reduced 
the population of citrus blackfly in this 
area and also the threat of its immediate 
spread northward. 

In the course of the work in the Guay- 
mas-Empalme area advantage was taken 
of the opportunity to conduct a large- 
scale control experiment at Los Mochis, 
Sinaloa, where the citrus blackfly popula- 
tion was extremely heavy. R. S. Woglum, 
in charge of the California-Arizona con- 
trol project, moved personnel and equip- 
ment to Los Mochis. An experiment was 
undertaken in February 1948 in which the 
Bureau of Entomology and Plant Quar- 
antine, the United Sugar Companies, 
S. A., and the California Citrus Experi- 
ment Station cooperated, for the purpose 
of evaluating insecticides on large plots in 
the 4500-tree grove of the United Sugar 
Companies (Woglum ef al. 1949). The 
United Sugar Companies purchased a 
sprayer and applied cube in oil the follow- 
ing June and again in March 1949. Ob- 
servation at the time of this third spray 
indicated that good commercial control 
of the citrus blackfly was being effected. 

In March 1948 Congress provided funds 
for carrying out large-scale control experi- 
ments against the citrus blackfly in 
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Mexico. The objectives of this project are 
to determine the effectiveness of sprays 
applied to large areas, the number of ap- 
plications necessary and their timing, the 
methods of application, the effect the 
selected insecticides and the required 
number of applications may have on 
trees, the size of the area that has to be 
treated to effect control or clean up in 
areas of light infestation, and the thor- 
oughness of spray coverage required. The 
experiments therefore become demonstra- 
tions of the techniques of application, and 
the large-scale effectiveness of formulas 
in control and clean up of the blackfly. 
One project headquarters was established 
at Guaymas, Sonora, for tests under con- 
ditions on the arid west coast, and an- 
other at Valles, San Luis Potosi, for tests 
under conditions in eastern Mexico which 
are more comparable to those in the Texas 
citrus-growing area. 

The equipment of the California-Ari- 
zona growers was taken over, and the 
work they had initiated in the Guaymas- 
Empalme area was continued. All citrus 
in this area was sprayed twice between 
November 1948 and June 1949 with the 
cube-in-oil formulation. A severe drought 
prevented spraying earlier than Novem- 
ber and limited the number of applica- 
tions. Thorough inspection in August 
1949 showed that the population of citrus 
blackflies had been further reduced 
throughout this area and on some proper- 
ties had been practically eliminated. 

In March 1949 a light infestation was 
found on 8 trees in Maytorena and on 3 
trees in Ortiz, 10 and 24 miles, respec- 
tively, north of Empalme. All citrus trees 
in these two villages were sprayed imme- 
diately with the cube-in-oil formula, fol- 
lowed at intervals of 30 days with two 
more applications of this formula and a 
fourth spraying with the DDT formula. 
Two thorough inspections, one in August 
and the second in October, disclosed no 
living citrus blackflies. Apparently these 
two small incipient infestations were eradi- 
cated with four sprays. Approximately 
44 man-weeks were devoted to an in- 
spection of about 37,000 citrus trees and 
45,000 nursery trees near Hermosillo, 
Sonora, in September, October, and De- 
cember 1949, and one infested leaf was 
found on December 3. A very thorough 
inspection on December 5 and 6 of the 14 
properties having a total of 99 citrus trees 
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in the immediate vicinity failed to reveal 
any more blackflies. A spray program was 
set up as at Ortiz and Maytorena, and 
the first application of the cube-in-oil 
formula was made on December 8. The 
general spray coverage of the Guaymas- 
Empalme area is now in progress. 

The headquarters in eastern Mexico 
were established in Valles, San Luis 
Potosi, in August 1948. This was the most 
northern point of infestation known in 
the east at that time. It was not feasible 
to undertake control work on the 300,000 
trees of this area of infestation. Initially 
6 groves were selected in which to conduct 
experiments. Spraying was started in 
October 1948. Studies on phytotoxicity 
from repeated applications of sprays were 
undertaken. The 7700 trees—about half 
limes and half oranges—were sprayed six 
times in a period of 1 year without serious 
effects from the insecticides. All trees 
were sprayed six times with the cube-in- 
oil formulation except that the formula- 
tion of DDT was substituted in the fifth 
application on half of the trees and on one 
entire grove in the sixth application. The 
citrus blackfly is under control in all 
blocks, although inability to find groves 
sufficiently isolated to preclude migration 
has not permitted a complete cleanup of 
any of these. Actually, however, fewer 
than 6 applications per vear are required 
for good commercial control. Experi- 
ments in other parts of Mexico have indi- 
‘vated that two properly timed applica- 
tions a year, in the absence of extensive 
drift of blackfly population, will give 
commercial control. 

In a series of repeated applications on 
blocks of 25 orange trees as many as 4 
applications of the cube-in-oil formula at 
20-day intervals, 7 at 30-day intervals, 
and 10 at 40-day intervals were applied 
before appreciable injury developed. In a 
similar study the DDT formulation was 
applied 14 times at intervals of 20 days 
before there were any indications of injury. 
There was no build-up of scale in the DDT 
plots treated at 20- and 30-day intervals, 
but when the intervals were 40 days or 
more chaff scale, Parlatoria pergandii 
Comst.' increased and oil had to be ap- 
plied to control them. 

The crop of fruit in the Valles area was 
reduced greatly by the citrus blackflies 


1 Determined by R.S. Woglum. 
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prior to the first spraying. Fruiting has 
increased in all blocks this season, but it 
is stul below normal. 

Controt Activities IN Mexico. 
In the fall of 1948 citrus growers in the 
states of San Luis Potosi, Tamaulipas, 
and Nuevo Leon organized a committee 
to formulate a program for controlling 
the citrus blackfly in the Valles area and 
to prevent its spread to the 11,000,000 
trees in Tamaulipas and Nuevo Leon and 
the 500,000 trees in the Rio Verde district 
of San Luis Potosi. The Mexican Secre- 
tary of Agriculture is represented on this 
committee and his organization furnishes 
technical assistance. Control of opera- 
tions is vested in the growers. Funds for 
the campaign were obtained by means of a 
tax of 1 centavo per liter on gasoline sold 
in the three states. A tax of 10 centavos 
was laid on each citrus tree for the same 
purpose. Equipment was purchased in 
November 1948, and the spray program 
was started in the Valles area. 

As a result of this program the popula- 
tion of citrus blackflies and the hazard of 
their spread have been reduced materially. 
This committee has been able to take im- 
mediate steps to eliminate new infesta- 
tions as they are found. They also have 
118 inspectors covering the citrus groves 
and towns in the citrus-growing areas of 
Nuevo Leon, Tamaulipas and San Luis 
Potosi for the purpose of locating new in- 
festations. Fifteen quarantine stations 
manned by 90 men are established at 
strategic points along the highways to 
prevent transmission of infestation by 
vehicular traffic. A program has also been 
undertaken to have all citrus growers in 
these 3 states apply this fall and wintera 
spray of cube-in-oil for scale control, and 
thus perhaps eliminate incipient infesta- 
tions. 

On December 9, 1949, a very light in- 
festation was found in a small citrus 
grove a few kilometers from Ciudad Vic- 
toria, Tamaulipas. The Bureau of Ento- 
mology and Plant Quarantine in its co- 
operation with the three-state Mexican 
growers’ committee and the Mexican 
Secretaria de Agricultura, undertook 


spraying of this grove for an experiment 
in eradication. The first spray was applied 
on December 13, a second on January 13, 
1950, and a third on February 13. Simi- 
larly, with the finding of infestation in 
Matamoros, this Bureau sprayed the in- 
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fested area on January 21 to 23. A second 
application was made on February 10 and 

1. This Bureau also conferred with the 
Mexican Direccién General de Defensa 
Agricola and the growers’ committee in 
regard to the treatment of the infestation 
discovered at Montemorelos on January 
24. Spraying was begun there 24 hours 
after the finding of infestation, the spray- 
ing being a combined effort of the Mexican 
Direccién and the growers’ committee. 
Individual growers also cooperated by 
supplying additional spray machines.! 

A similar growers’ committee was 
formed in the state of Veracruz, when the 
citrus blackfly was found there last De- 
cember, and the Bureau laboratory was 
valled into consultation. The committee 
has conducted a well-organized inspection, 
quarantine, and spray program in in- 
fested localities. Reports are optimistic 
that the work is progressing toward com- 
plete eradication of the blackfly in that 
area. 

Current Bureau Acriviries.—The 
Bureau of Entomology and Plant Quar- 
antine, in its long existing cooperative 
relations in Mexico, is continuing its ex- 
periments in control and eradication of 
the blackfly. Basic research on chemical 
control is being amplified, and large-scale 
spraying experiments are proceeding in 
the development of effective schedules and 
methods that can be applied in commer- 
cial control or in ciean up of incipient in- 
festations. Investigations are being con- 
ducted on formulations and methods for 
treating fruit, especially limes, to permit 
shipment from infested to noninfested 
areas. Studies on periodicity and dissem- 
ination by adults have been inaugurated, 
and investigations on host relationships 
of the citrus blackfly have been expanded. 

The 1950 appropriation provided funds 
for a cooperative inspection survey in 
Mexico. This will be handled, for the 
most part, by the Bureau in cooperation 
with the Mexican Government inspection 
service and the inspection forces of Mexi- 
can blackfly committees. 

The Bureau has an entomologist in 
Asia collecting parasites and predators of 
the citrus blackfly in the drier regions 
there and an entomologist located at the 
fruit fly laboratory who is receiving these 
collections and releasing the parasites 
and predators in suitable locations in 
Mexico in the hope of establishing bio- 
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logical control. All these Bureau activities 
are closely coordinated and are receiving 
the wholehearted cooperation of the 
Mexican agencies concerned with the 
blackfly. 

The present distribution of the citrus 
blackfly in Mexico indicates that it may 
not be possible to keep it out of the United 
States. The work now being conducted in 
Mexico and the close cooperation main- 
tained with the Mexican workers will 
provide us with means and experience to 
combat the insect and the know-how to 
quickly take the necessary steps to elim- 
inate incipient infestations. It is of utmost 
importance that sufficient inspection be 
maintained in the citrus-growing areas in 
the United States to locate infestations 
while still properly in the incipient stage 
in order for eradication to be feasible, and 
to delay the establishment of the insect 
as another citrus pest requiring annual 
expenditures by the growers for its com- 
mercial control. 

SumMary.—-The citrus blackfly, Aleu- 
rocanthus woglumi Ashlby, has been known 
in the western hemisphere for 36 vears and 
in Mexico for 14 vears. In Mexico it has 
moved as far north as Hermosillo, Sonora, 
on the west coast and Matamoros, Ta- 
maulipas, on the east coast. It has been 
found on 155 species of plants representing 
61 families. Citrus is the favored host. 

The important parasite Lretmocerus 
serius has been widely colonized in 
Mexico, but the long dry season in many 
parts of that country seems to repress it. 
An exception appears to be a small coastal 
area in Colima. 

Many insecticides have been studied, 
the most satisfactory being an emulsion 
prepared with 1.67 gallons of light-me- 
dium emulsive oil containing 4.5 ounces 
of cube root (5 per cent rotenone) per 
gallon of oil and water to make 100 gal- 
lons. An emulsion prepared with 4 ounces 
of blood albumin spreader, 1.75 pounds of 
DDT, 2 quarts of xylene, 2 quarts of 
kerosene, and water to make 100 gallons 
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is also effective under some circumstances. 
Various preparations of parathion were 
found to be very toxic, but toxicity to 
man is a factor restricting its use. 

Spraying of all citrus trees in the Guay- 
mas-Empalme area at least once by the 
California-Arizona growers reduced the 
population of citrus blackflies to a marked 
degree. 

Light infestations of the citrus blackfly 
on a few trees in Maytorena and Ortiz, 
Sonora, so far as can be determined, were 
eradicated by 3 applications of cube-in-oil 
and 1 of DDT in xylene and kerosene, 
and a similar program is being undertaken 
against the infestation recently found in 
Hermosillo, Sonora. 

In Valles, San Luis Potosi, 6 applica- 
tions of cube-in-oil, 5 applications of 
cube-in-oil followed by 1 application of 
DDT in xylene and kerosene and 4 ap- 
plications of cube-in-oil followed by 1 of 
DDT in xylene and kerosene were made 
within 1 year without causing serious 
damage to the trees. Fewer applications, 
however, will give commercial control of 
the insect. 

Cube-in-oil was applied 4 times at 20- 
day intervals, 7 times at 30-day intervals, 
and 10 times at 40-day intervals before 
appreciable injury to trees was observed. 
Chaff scale developed on plots sprayed 
with DDT at intervals of 40, 50, 60, and 
70 days, but not on plots treated at inter- 
vals of 20 or 30 days. 

The Bureau of Entomology and Plant 
Quarantine is continuing work in Mexico 
in developing materials and methods for 
combating the citrus blackfly, and a sur- 
vey is being undertaken in cooperation 
with Mexican officials and grower com- 
mittees. Search for parasites and preda- 
tors in the Orient is being continued, and 
attempts are being made to establish 
those found. The Mexican growers with 
the cooperation of their Government are 
conducting campaigns against the black- 
fly in the major citrus-producing areas 
wherever it appears. 
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Dr. CLAUDE WAKELAND AND Pau A. HompALe 





Paul A. Hoidale on November 1, 1950 was made 
leader of the cooperative grasshopper, Mormon 
cricket and chinch bug control programs of the U. S. 
Bureau of Entomology and Plant Quarantine. He 
succeeded Dr. Claude Wakeland who asked to be 
relieved of the heavy administrative duties for 
reasons of health. Mr. Hoidale has had wide experi- 
ence in the administration of control projects, having 
been in the employ of the U.S.D.A. since 1917. From 
1931 on he has directed the Mexican fruit fly control 
and regulatory activities from Harlington, Texas. 
His new headquarters are at Denver, Colorado. 

Dr. Claude Wakeland whose entomological career 
since 1914 has been in connection with the Colorado 
Agricultural Experiment Station, the University of 


Idaho, and the U. S. Department of Agriculture 
left the University of Idaho in 1938 where he headed 
the Department of Entomology to become project 
leader on Mormon cricket control. The following 
year he was made field director of the combined 
grasshopper and Mormon cricket control programs. 
Since 1942 he had been leader of the new Division of 
Grasshopper Control with headquarters at Denver. 
Dr. Wakeland will continue at Denver, where he 
will bring together and evaluate the available in- 
formation on the development and evolution of or- 
ganized control and on the effects of parasites, dis- 
eases and other natural control factors on grass- 
hoppers, Mormon crickets and chinch bugs. 











Natural Control Factors Affecting the Spruce Budworm 
in the Adirondacks During 1946-1948! 


Putte B. Dowpen and V. M. Carouin, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine, and C. O. Dirks, Maine Agricultural Experiment Station 


In 1945 a heavy infestation of the 
spruce budworm, Archips fumiferana 
(Clem.), broke out over a wide area in the 
Adirondacks of New York. By the end of 
1948 the infestation was reduced to such 
a low level that it was exceedingly diffi- 
cult to find egg clusters. In fact, the out- 
break could be considered terminated. 
Practically no trees were killed. During 
the same period heavy infestations, caus- 
ing great timber losses, continued in 
Ontario. There was also a striking in- 
crease in budworm populations in Quebec, 
New Brunswick, and northern Maine, al- 
though most of this region could still be 
considered as no more than lightly in- 
fested. Serious outbreaks involving sev- 
eral million acres also arose in Oregon 
and western Montana, while heavy de- 
foliation continued in southern Colorado 
and northern New Mexico. In view of 
these developments, reasons for the de- 
cline in the Adirondack infestation have 
special significance at this time. Un- 
doubtedly an exceedingly complex group 
of factors was involved. Some of them 
have already been mentioned in a pre- 
liminary report (Dowden et al. 1948) on 
the natural control factors affecting the 
spruce budworm. Further observations 
on these factors and their effect on the 
Adirondack infestation are reported in 
this paper. 

History OF THE OUTBREAK IN THE 

Aprronpacks.— Most of the balsam fir 
stands throughout approximately 3000 
square miles of the Adirondacks were 
heavily infested when the spruce bud- 
worm outbreak was first discovered there 
in 1945. 
w Apparently the outbreak arose very 
suddenly, for there was little or no evi- 
dence of 1944 defoliation. In 1946 heavy 
defoliation was general. However, to the 
south and southwest of the heavily in- 
fested area there was some reduction in 
infestation from conditions in 1945, and 
in a number of small rather isolated 
stands on the periphery of the area (such 
as Brasher Falls and Sears Pond) there 
was a marked reduction. 


In 1947 reduction was marked through- 
out the whole area, and in 1948 the in- 
festation practically disappeared. The 
sequence of events at 9 study plots within 
the central part of the infested area is in- 
dicated in table 1. 

Bionomics.—-The spruce budworm is a 
defoliator on a number of coniferous trees. 
In the eastern part of the United States 
and Canada, balsam fir, Abies balsamea 
Mill., white spruce, Picea glauca 
Moench., red spruce, Picea rubens Sarg., 
and black spruce, Picea mariana B. S. & 
P., are the principal food plants. One 
generation is completed annually. The 
winter is spent as a second-instar larva 
within a hibernaculum spun in a pro- 
tected place, such as under a bark scale 
or within an empty staminate flower 
cup. In the Adirondacks the larvae 
usually leave their hibernating quarters 
the first week in May and feed as needle 
miners. Occasionally they bore directly 
into developing buds. They feed on 
staminate flowers, a preferred source of 
food when available. Larvae abandon 
their mines in the needles when the vege- 
tative buds start to burst, boring into and 
feeding within the buds and then on the 
new growth after the buds have burst. 
Larvae complete their development on 
the current season’s growth, unless the 
infestation is so heavy that the new foliage 
is almost entirely consumed and they are 
forced to feed on older growth. Large 
larvae form loose “spin-ups”’ or webs from 
which they feed. Larval development is 
completed in about 8 weeks after emer- 
gence from hibernation. Pupation takes 
place on the foliage, and the moths de- 
posit their eggs in masses on the needles. 
The eggs hatch in about a week. The 
larvae wander about considerably before 
spinning their hibernacula, but they do 
not feed. Usually the hibernaculum is 
spun within 2 or 3 days and _ shortly 
thereafter the larva molts to the second 

1 The writers are indebted to W. M. Foss and W. E. Petty, 
of the New York State Conservation Department, for coopera- 
tion and help in these studies; to John H. Doherty, also of the 
New York State Conservation Department, for summer as- 


sistance during three seasons; and to H. A. Jaynes, C. F. Speers, 
and H. J. MacAloney for helpful information and advice. 
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Table 1.—Comparison of budworm populations and defoliation at nine study areas in the Adiron- 
dacks, 1946 through 1948. 


























HIBERNATING LARVAE Per Cent Derouiation | Eaa Masses REcovERED 
RECOVERED ON 50 or CURRENT SEASON’S on 50 15-Incu 
15-Inca Twies GrowTH Twics 
Forest Type AND | —— SUEEEIEIEInEaT TnEEEEEREEREEEEnnaT ETE ee eroneeeeeeeeeeeT eieaiaenee —— . 
Sruvy Arca | 1946 | 1947 | 1948 | 1946 | 1947 | 1948 | 1946 | 1947 | 1948 
Balsam fir: | | | 
Long Lake 268 | 297 ,. 15 21 1 | 4 | Q 1 
Cross Clearing | 576 | 144 6 |. 34 18 — | 69 Mm bus 
Fish Creek Pond| 205 | = 177 4 | $2 s | — | s% 1 | 0 
Hollywood 477 | = 327 58 | 86 56 7 he oe re | Od 
Osgood River 163 | 275 | 6 | 69 10 |; — | @Q@ 0 0 
Hayes Brook | $46 | WH tot to Bi ioc — | § a ae 
Lake Placid | 170 159 8 | 36 | 19 — | 80 | oO | O 
Whiteface | | 
7 Mountain 499 136 0 52 | Trace | — - 8 0 | 0 
7 Fish Pond 101 96 “8 OY Sete eee 0 | 0 
Black spruce: | | | | 
} Osgood River 278 113 | 6 | 20 }ist- 39 Oy bac 
Red spruce: 
Fish Pond 281 81 | 7 ee A ee e |; © 
Total | ssea | 1975 | 148 | — — | — 48 | 19 | @ 
instar. In the Adirondacks most larvae (b) Mature, closed, vigorous stand, 50 to 60 
: have entered hibernation by August 1. ; tee old ae Clearing) q 
: Diearinrteates ca Baas -~ley a: ance 48 (c) Mature, closed, stagnating stand, 50 to 60 
, uSCR NO 4OTS.—AAS a& part O years old (Hollywood) 
‘ the studies being conducted in the appli- (d) Mature, closed, stunted, subalpine stand, 
‘ cation of biological information to silvi- 60 to 70 years old (Whiteface Mountain) 
4 cultural practices, a large number of one- PR ge EA, 
4 fourth acre sample plots were established seainnianie vedgninde adage steal nage 
) no research problem dealing with the 


4 throughout the Adirondack area. The 
f study areas listed in table 1 are really col- lod ol Auk cedaies sin age aca 
lection areas around 9 of these plots. ‘#! of determining the number of bud- 
When the collection areas were selected jt. “0?™S present in an area. All stages of the 
1 was believed that the intensity of in- een oe spans a the Stee — rer aed 
| festation and the effect of heavy budworm = TEM) careful examination of the foliage 


spruce budworm is more difficult’ than 


€ err: ° , ° is necessary to coun > budworms. To 
7 feeding might vary considerably with the ’ wh re ; t ni int a j pra F 
: : . : examine many trees in this manner would, 
‘ age and vigor of the stands and with a f : h y Wes tical. It ] ; pala 
eee ~ abe ‘ » of course, be impractical. ias, therefore, 
variation in forest type. The intensity of lg , tang mai : Rca Viagat 
: * 2 . we: +¢ ‘ yee ecessary to coun 1e wer O 
4 infestation was relatively uniform how- a: oe a sha pina f foliage at 
uC ‘Oo sO smi Sé yes O ouage a 
; ever, and apparently the outbreak sub- ‘ferent plot us say: bas ™ 
> . . . : differe ylots and use the numbers ob- 
' sided before the effects of feeding became Ha hi I 7 f mac at Si 
> . . . ained as a basis for comparin esta- 
’ serious enough to kill the trees. The stands bi “ iff ; sags o> , lin § liffer nt 
> : : ‘ , ons at different plots and in differe 
i of trees in which the studies were carried wed Th er & l et i - hg Ose 
hee rears. The sample of foliage used for 
; on were well distributed throughout the thi a “* 47 nel Hn Twig 
- . . — lis purpose was a 15-inch twig. igs 
heavily infested area. They may be awa ebb hi 6 
S aiiatiaall ade aa were obtained from several different trees, 
classified as follows: ; : - 
= Be , representing various diameter and crown 
a Type: Red spruce, yellow birch, sugar maple; classes in each plot, and thev were re- 
; overmature stand, 100 to 120 years old (Fish ; 
¢ Cecekc Mead moved from the trees sampled at several 
e Type: Black spruce flat— different crown levels. Counts made when 
0 (a) Young stand, 50 to 60 years old, stagnating, the budworm was in the egg stage, when 
IS but being thinned by snow breakage and — small larvae were mining needles, or in 
windfall (Osgood River) Sadat: detetiiiemn- weil tite Mebilonell basin 
‘ (b) Mature stand, 60 to 80 years old, with the Hg i infestations when the bu worm was 
d scattered large balsam fir decadent (Hayes in the pupal stage seemed to be reliable. 
" _ Brook) Counts made when larvae were feeding 
a- ype: Balsam fir ; ‘ in exposed places seemed to be of little 
he (a) Young, open, vigorous stand, 25 to 40 al } the larv a inne 
= years old (Long Lake, Fish Creek Pond, V@lue because 1e iarvae were moving 


Lake Placid) too much and were easily displaced. 
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NatruraLt Conrrou Facrors.—An ex- 
tremely complex group of natural control 
factors operates against the increase of 
any organism, and undoubtedly many 
unknown factors contributed to the de- 
cline in the Adirondack infestation. The 
most important ones observed during 
these studies were overwintering mor- 
talities, parasitization by entomophagous 
insects, and predation by insectivorous 
birds. 

OVERWINTERING Morvarities.—Pre- 
cise records, regarding the mortality be- 
tween the time when eggs hatched late in 
the summer and when the tiny larvae 
started feeding the following spring were 
not obtained, but estimates for two 
seasons indicated that mortality was very 
high during this period. Mortalities at 
each study plot for the winter of 1946-47 
were estimated by comparing the number 
of eggs found on at least forty 15-inch 
twigs with the number of larvae recovered 
from mined needles on the same number 
of twigs in the spring, allowance being 
made for egg parasitization. The average 
mortality at 11 study plots that season 
was 76 per cent. Jaynes & Speers (1949) 
record very similar mortalities for 2300 
larvae placed on two small balsam trees 
and one small spruce in August 1946. 
From 75 to 84 per cent of the larvae died 
before the needle-mining stage in May 
1947. The following season egg deposition 
was so low that it was impossible to esti- 
mate overwintering mortalities in the 
same manner. Estimates were made by 
fastening twigs, on which known numbers 
of budworms were hibernating, to small 
balsam fir and spruce trees at three study 
plots, and counting the number of larvae 
that successfully mined needles on these 
trees the following spring. Mortalities 
calculated in this manner for the winter of 
1947-48 were 80 per cent. 
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The method used in 1947-48 proved in- 
teresting, because the approximate period 
in which mortality occurred could thereby 
be determined. A total of 29 twigs on 
which approximately 2363 larvae formed 
hibernacula were used. Thirteen of these 


twigs were removed for examination 
during the winter. 
Egg masses and twigs bearing an 


abundant supply of old staminate flower 
cups were placed in vials. The number of 
larvae that formed hibernacula was de- 
termined by comparing the number of 
hatched eggs with the number of hiber- 
nacula. It was found that 85 per cent of 
the larvae successfully formed hiber- 
nacula. Undoubtedly this is a consider- 
ably higher percentage than normally 
occurs in the field, since the number of 
larvae that failed to find suitable hiber- 
nation quarters was probably at a mini- 
mum. Examination of twigs on September 
23, January 27, and April 20 indicated 
that 34, 37, and 44 per cent of the larvae 
that formed hibernacula were dead on 
those dates, respectively. Of the larvae 
alive on April 20, 55 per cent failed to 
mine needles successfully. Losses at that 
time were considerably higher on spruce 
(68 per cent) than on balsam fir (53 per 
cent). This work is summarized in table 2. 
PARASITIZATION BY ENTOMOPHAGOUS 
INsects.—A list of 45 primary parasites 
of the spruce budworm, compiled from 
rearing records and the literature, was 
presented in a preliminary report (Dow- 
den et al. 1948). Since then Wilkes, 
Coppel and Mathers (1948) have pub- 
lished a similar list, recording several addi- 
tional species, and the writers have reared 
eight more primary parasites from bud- 
worm material collected in the Adiron- 
dacks. The additional records are listed in 
table 3. If known, a notation has been made 
regarding the stage of the host affected. 


Table 2.—Percentage mortality of spruce budworm larvae during the winter of 1947-1948. 





LARVAE 
PLACED 
on TwicGs 


Forest TypE AND 
Stupy AREA 


Balsam fir: 


Per Cent or LARVAE FAILING TO— 


Form 
Hibernacula 


Hollywood 384 15 

Lake Placid 480 15 

Osgood River S84 15 
Black spruce: 

Osgood River 28S 15 


Toran 
- Per CENT 


Survive Mine Morvaity 
Winter Needles (AGGREGATE) 
38 63 SO 
$2 45 74 
19 50 78 
19 6S SO 
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Table 3.—Additional records of spruce bud- 
worm parasites. 





Stace or Host Arrectep 


SPECIES Attack Emergence 
Hymenoptera—Ichneumonidae: 
Amblyteles sp. 
Campoplex probably validus 
(Cress.) 
1Ephialtes annulicornis Cress. Pupa Pupa 


Iseropus coelebs (Walsh) 
Labrorychus sp. 
'Phytodietus vulgaris Cress. 
(=P. annulatus Prov.) Larva Larva 
Pterocormus audaz Cress. — 
Theronia atalantae Poda. - 
Hymenoptera—Braconidae: 


'Clinocentrus sp. Larva Larva 
1Bubadizon sp. Larva Larva 
Meteorus hyphantriae Rly. — — 
1Oncophanes atriceps (Ashm.) Larva Larva 
Hymenoptera—C halcidoidea: 
1Tetrastichus sp. Larva Hibernating 
Larva 
1T etrastichus sp. Larva Larva 
Diptera—Larvaevoridae: 
Phorocera tortricis Coq. 
Diptera—Cecidomyidae: 
!Lestodiplosis sp. Larva Larva 





1 Reared during this study and determined by specialist at 
the U.S. National Museum. 


Records regarding budworm parasitiza- 
tion at the study plots were based on dis- 
sections and rearings. Most larval records 
were derived from dissections and most 
pupal and egg records from rearings. Con- 
siderable care was exercised in the selec- 
tion of material so that collections were 
taken from representative trees and at 
various crown heights. At some plots there 
was considerable variation in the in- 
tensity of infestation on different trees 
and on different parts of the tree. In 
general, in the needle-mining stage, larvae 
were more numerous in the upper or mid- 
portions of the crown than at lower levels. 
As the season progressed there was con- 
siderable movement, the lower portions 
of the crown being more heavily infested 
than the upper parts, particularly where 
considerable defoliation occurred. There 
seemed to be no significant variation in 
parasitization of larvae from different 
crown levels, although at times variations 
between larvae from different trees were 
very pronounced. 

Since the different species of budworm 
parasites are usually confined to a par- 
ticular developmental stage of their host, 
they may be considered conveniently 
under such headings. 

EaG@ Parasires.—The Tri- 


common 


chogramma was the only egg parasite 
reared, and, as frequently observed on 
other hosts, it was common in heavy in- 
festations but relatively scarce when bud- 
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worm populations were low. Parasitiza- 
tion averaged 13 per cent for the 1947 
brood (eggs laid in 1946), with at least 
some eggs parasitized in 151 out of 675 
egg masses. Parasitization of the 1948 
brood (eggs laid in 1947) was only 1 per 
cent. Only 38 egg masses were found and 
only one of them contained parasitized 
eggs. The following season egg deposition 
was even lower. Only seven egg masses 
were found, but in one of them all of its 
16 eggs were parasitized. 

PARASITES OF HIBERNATING LARVAE. 
Hibernating larvae were parasitized by 
three internal parasites, Apanteles fumi- 
feranae Vier., Glypta fumiferanae (Vier.), 
and Horogenes cacoeciae (Vier.). Each of 
these parasites completes one generation 
a year, overwintering as a first-instar 
larva within the hibernating host larva. 
Apanteles and Glypta were of considerable 
importance in the Adirondacks. Com- 
bined parasitization by these two species 
averages 30, 25, and 12 per cent for 1946, 
1947, and 1948, respectively, with Apan- 
teles almost twice as important as Glypta 
each vear. Parasitization by both species 
was slightly lower in 1947 than in 1946 
and decidedly lower in the reduced popu- 
lations of 1948 than in 1947. Parasitiza- 
tion by both species varied considerably 
from plot to plot. In 1946 the range for 
Apanteles was 8 to 29 per cent and for 
Glypta 1 to 20 per cent. Neither species 
seemed to be consistently more common 
in a particular forest type or population 
density. H. cacoeciae was reared only oc- 
casionally at most of the study plots, al- 
though in 1946 it effected a 10 per cent 
parasitization at the plot on Whiteface 
Mountain. 

Two species that feed externally on the 
budworm larvae in their hibernacula were 
discovered by C. F. Speer! while con- 
ducting studies on the bionomics of the 
budworm. A few Tetrastichus sp. and 
several individuals of a cecidomyid were 
found feeding on larvae placed on small 
balsam trees. Both species overwinter as 
full-grown larvae. No data were obtained 
regarding their importance on naturally 
dispersed host larvae in the field. 

PARASITES OF SMALL LArvAr.—Larvae 
feeding in opening vegetative buds and 
on staminate flowers suffered rather 
heavy mortalities, averaging 8 per cent 

1 Of the New Haven laboratory of the U.S.D.A. Bureau of 
Entomology and Plant Quarantine. 
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in 1946, 23 per cent in 1947, and 26 per 
cent in 1948. Variation between plots was 
unimportant, except that mortality at 
Hollywood ran comparatively low. Four 
species of parasites were involved. Three 
of them (all Hymenoptera) paralyze bud- 
worm larvae and lay external eggs, and 
each parasite larva feeds externally. Ap- 
parently a great many more budworm 
larvae are paralyzed and killed by the 
adult parasites than have eggs laid upon 
them. At least a great many more mori- 
bund larvae were found without eggs or 
parasite larvae than with them. The 
principal parasite involved was a small 
chaleid, Dicladocerus sp. Two other small 
chaleids, EKlachertus cacoeciae How. and 
Tetrastichus sp., were reared occasionally. 
Both these species sometimes attack 
larger larvae. Larvae of a cecidomyid, 
Lestodiplosis sp., were also observed fairly 
commonly feeding on small paralyzed bud 
budworm larvae, but very few adult 
parasites were ever reared. This is prob- 
ably a late generation of the same species 
found attacking tiny budworm larvae in 
hibernation. In 1947 a sharp increase in 
percentage mortality by the externally 
feeding parasites may have been due in 
part to the heavy production of staminate 
flowers that year. Budworm larvae feed- 
ing on pollen, at least, were much more 
heavily parasitized by Dicladocerus than 
larvae in vegetative buds. It seems likely 
that these small parasites could reach 
hosts feeding within staminate flowers 
more easily than they could reach larvae 
enclosed in vegetative buds. In 1948, 
however, mortality of small larvae was 
somewhat higher than in 1947, and com- 
paratively few trees bore male flowers. 
PARASITES OF LARGE LARVAE.—Large 
budworm larvae were parasitized by 
several different species. The most im- 
portant were two larvaevorid flies Phryze 
pecosensis T. T. and Aplomya caesar 
(Ald.), and a hymenopteron, Meteorus 
trachynotus Vier. Both larvaevorids are 
multibrooded species which overwinter in 
some other host. Some of the parasite 
larvae of both larvaevorids complete de- 
velopment and issue from budworm lar- 
vae, but others do not issue until after the 
parasitized budworm larva has pupated. 
Phryxe parasitized 11 per cent of the larvae 
and 6 per cent of the pupae in 1946, 
and 18 per cent of the larvae and 6 per 
cent of the pupae in 1947, but a marked 
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reduction occurred in 1948, when only 
6 per cent of the larvae and 3 per cent 
of the pupae produced this — species. 
Aplomya on the other hand, increased 
steadily in importance. Parasitization 
of larvae averaged 4, 8, and 17 per cent, 
and of pupae 1, 5, and 15 per cent in 
1946, 1947, and 1948, respectively. Ap- 
parently Aplomya was more. efficient 
than Phyrxe in light infestations, but 
with multibrooded species like these the 
abundance of alternate hosts is often 
important. Both species showed a con- 
siderable range in percentage parasitiza- 
tion at different plots, which could not be 
correlated with a particular forest type 
and which varied from year to year. At 
times as many as three Phryxe or a combi- 
nation of both species, but never more 
than two Aplomya, completed develop- 
ment in a single budworm. The average 
number per budworm was 1.12. 

Meteorus trachynotus Vier, proved to be 
an interesting species. It is a_ solitary 
internal parasite that completes develop- 
ment in the nearly full-grown larva. The 
host lives for several days after the para- 
site emerges and sometimes produces 
some other parasite, such as Actia, during 
this period. Meteorus requires an alternate 
host for hibernation. It was of negligible 
importance in 1946, but was present at al- 
most all plots in 1947, averaging 4 per 
cent parasitization. In 1948, it was one of 
the most important larval parasites, 
averaging 11 per cent parasitization, with 
a range from 2 to 19 per cent. This in- 
crease in importance with a decline in in- 
festation may be characteristic of the 
species. McGugan (1948) observed — the 
same tendency in the vicinity of Black 
Sturgeon Lake, Ontario. 

A number of larval parasites which were 
generally distributed but relatively un- 
important in the Adirondacks should be 
mentioned briefly. Six dipterous parasites 
fall in this category. Actia interruptor 
Curr. was of some importance in light 
infestations, particularly in 1948. Lypha 
setifacies (West.) was not recovered in 
1946, but in 1948 it was present at 4 of 
the 6 plots where collections could be 
made, accounting for parasitization of 2 
to 18 per cent. Omotoma fumiferanae 
(Toth.), Madremyia saundersii (Will.) and 
Nemorilla floralis (Fall.) were generally 
rare. The sarcophagid Agria_ affinis 
(Fall.) had a rather indefinite status, ap- 
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parently acting as a scavenger more fre- 
quently than as a true parasite. In 1946 
it parasitized 2 per cent of the late pupae 
and in 1947 4 per cent. Four of the rela- 
tively unimportant species—Omotoma, 
Madremyia, Lypha, and Actia—are some- 
times important parasites in other regions. 
Most of the unimportant hymenopterous 
parasites that attack large budworm 
larvae were reared only occasionally. 
Exochus sp., which emerges from bud- 
worm pupae, is in this class, but it has 
been reported as rather important in light 
infestations in New Brunswick (Morris 
1947). Clinocentrus sp. was present at a 
number of plots in 1947, effecting a 3 per 
cent parasitization at Osgood River. 
Microbracon politiventris Cush. and Scam- 
bus alboricta (Cress.), both external, gre- 
garious parasites, were of negligible im- 
portance until 1948, when they para- 
sitized about 1 per cent of the larvae. 
Pupat Parasires.—During 1946 and 
1947 two hymenopterous parasites, /to- 
plectis conquisitor (Say) and Ephialtes 
ontario (Cress.), were responsible for 
practically all true pupal parasitization. 
Both species are solitary, internal para- 
sites of budworm pupae. Eggs are laid in 
pupae or prepupae and adults emerge 
from the pupae. Both species require an 
alternate host to overwinter.'! Both were 
attacked by two gregarious chalcidoids, 
Nasonia tortricis (Brues) and Amblymerus 
verditer (Nort.) With this parasite com- 
plex it was often impossible to subscribe 
parasitization to a particular species. A 
rather arbitrary method was employed. 
Early pupal collections, which produced 
the most Itoplectis, were used to calculate 
parasitization by Itoplectis, and late pupal 
collections, which produced the most 
Ephialtes, were used to calculate para- 
sitization by Ephialtes. All pupae that 
produced secondary parasites early in the 
collection were credited to Itoplectis and 
those that produced secondary parasites 
in the late collection were credited to 
Ephialtes. Calculated in this way I[to- 
plectis parasitized an average of 8 per cent 
of the pupae in 1946, 5 per cent in 1947, 
and 3 per cent in 1948. Comparable 
figures for Ephialtes were 20, 18, and 11 
per cent. Secondary parasitization aver- 
aged 4 per cent for early and 36 per cent 
for late pupal collections in 1946, but in 
1947 dropped to zero in early pupal col- 
lections and to 7 per cent in late pupal 
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collections. In 1948 there was practically 
no secondary parasitization. There is some 
question regarding the status of Nasonia 
tortricis and Amblymerus verditer. A 
number of workers have referred to these 
species or to “small chalcids” as primary 
budworm parasites. Coppel (1947) re- 
ported rearing A. verditer as both a pri- 
mary and a secondary parasite During 
this study both species failed to oviposit 
in unparasitized pupae exposed to them, 
and dissections of many pupae, which 
produced either Nasonia or Amblymerus, 
revealed the remains of a primary ich- 
neumonid parasite. This, of course, does 
not mean that these chalcids are exclu- 
sively secondaries, but it indicates that 
they usually functioned as such. 

Only one other pupal parasite was re- 
covered oftener than occasionally. This 
was Phaeogenes hariolus (Cress.), an im- 
portant pupal parasite in some regions. 
It was of practically no importance in the 
Adirondacks until 1948, when it para- 
sitized about 4 per cent of the pupae. 

InseEctivorous Brrps.—One of the 
most outstanding developments in the 
Adirondack outbreak was the marked re- 
duction in late larval and pupal popula- 
tions at all study plots. In the heavy in- 
festations of 1946 this reduction became 
more and more evident as the later col- 
lections were made. In 1947 the reduction 
was so pronounced that it was practically 
impossible to make late pupal collections 
at the study plots, and in 1948, of course, 
the reduction was almost complete. The 
actual cause of this reduction was not 
fully determined, but insectivorous birds, 
largely warblers, certainly accounted for a 
considerable portion of it. The writers be- 
lieve that a general idea of the birds’ 
activity in 1948 was obtained by counting 
larvae within webs at two plots. A total 
of 600 webs contained 146 larvae. Four 
days later the same, or very nearly the 
same, webs contained only 48 larvae or 
pupae. During this period birds were con- 
spicuously feeding on larvae. Since it was 
too early for parasite emergence, and no 
other control factor was observed, the 
birds must have been the principal cause 
of the reduction. Undoubtedly they were 
also responsible for further drastic re- 
ductions before the end of the season, for 
they feed as avidly on pupae as on larvae. 


1 Balduf (1937) notes that Itoplectis conguisitor appears to 
overwinter either as an adult or in an immature form. 
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Table 4.—Percentage mortality of Archips fumiferana (Clem.) caused by parasites at study plots 





in the Adirondacks during 1946, 1947 and 1948. 


Mature 





LARVAE LARVAE EARLY 
in FourtH In Fourtu LARVAE PuPAL 
INSTAR AND Firta (Phyrze, COLLECTION LATE 
Diclado- INSTAR Aplomya Phryze, Pura. 
Kacs cerus AND (A panteles Meteorus A plomya CoLLectTION _ AGGREGATE! 
Forest Type AND Tricho Lestodi- “ND Horogenes) Itoplectis) (Ephialtes) | Percentact 
Stupy AREA gramma) plosis) Giypta) Mor- 
b) c) d) (e) f TALITY 
1916 
Balsam-F ir 
Long Lake 16 29 6 25 10 62 
Cross Clearing 10 24 11 13 lt of 
Fish Creek Pond 8 2 + 11 24 65 
Hollywood ‘ 25 2 12 21 dl 
Hayes Brook + 40 25 ba 33 74 
Lake Placid 7 37 20 t 13 61 
Whiteface Mountain 32 21 20 11 62 
Osgood River 6 +t 25 12 32 76 
Fish Pond 15 8 7 lz 16 46 
Black Spruce 
Osgood River 10 21 38 20 +4 80 
Red Spruce 
Fish Pond 7 16 7 25 7 49 
1947 
Balsam-Fir 
Long Lake 17 26 30 38 16 19 82 
Cross Clearing 18 28 33 31 10 Ss 77 
Fish Creek Pond 5 26 25 $2 16 Ss 77 
Hollywood 15 11 21 18 21 8 64+ 
Hayes Brook 23 1s 386 21 12 7 i4 
Lake Placid 23 36 29 40 20 17 86 
Whiteface Mountain 37 17 15 56 
Osgood River 9 2 23 20 16 20 71 
Fish Pond 5 22 26 20 10 10 Gt 
Black Spruce 
Osgood River 9 14 17 32 26 ft) 70 
Red Spruce 
Fish Pond 3 39 lt 10 6 22 66 
1948 
Balsam-Fir 
Long Lake 0 29 15 65 70 
Hollywood 0 19 12 26 29 1+ GS 
Clear Brook 11 15 57 73 28 98 
Forest Home 30 $ 25 50 
Duck Hole 59 $ 79 92 
1 Aggregate Percentage Mortality a+(1—a)b+(1—a)(1—b)c etc. where a, b, c, ete., are percentages attributed to the different 


control factors. 


Disease.—lIn so far as could be deter- 
mined, disease played an insignificant role 
as a natural control factor during these 
investigations. 

AGGREGATE PrERCENTAGE Morrvatt- 
ries..~The percentage mortalities caused 
by parasites over a 3-year period at 
several study plots are presented in table 
4. Complete records are available only for 
1947. Studies were not initiated until the 
spring of 1946, after egg parasitization 
and winter mortality had already exerted 
their effect. In 1948 populations were so 
reduced that a complete series of collec- 
tions could be made at only two of the 
original study plots. That year three new 
collection areas were added. 

Percentages of parasitization were cal- 
culated principally by dissections of larvae 
and rearings of pupae and eggs. Percent- 
ages in collections of mature larvae and 
pupae were adjusted according to the pro- 
portion of the host population that had 
already either formed pupae or emerged 


as adults, and thus escaped parasitization 
by the factor involved at the time the 
collection was made. 


There was a considerable range in ag- 
gregate percentage parasitization at the 
various plots. This percentage does not 


appear to be closely correlated with host 
density or duration of heavy infestation, 
but studies were conducted over such a 
short period that it was impossible to de- 
termine definitely whether such a correla- 
tion existed. The heavy infestation per- 
sisted at Hollywood longer than at other 
study plots, and aggregate percentage 
parasitization was lower at Hollywood 
than at almost any other study area. It 
was also low at Fish Pond on both balsam 
fir and red spruce, but the area was 
covered with mixed growth containing 
high proportions of hardwood, and con- 
sequently budworm populations were 
comparatively low on an area basis. 
Aggregate percentage parasitization for 


all plots increased from 62 in 1946 to 72 





pt 
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Table 5.—Aggregate percentage mortalities of Archips fumiferana (Clem.) at study plots in the 


Adirondacks in 1947 and 1948. 











Parasites | UNkNowN | 


Mortauity | 
DuRING PARASITES Pius Factors | TovaL 
Forrest TYPE AND HiBeRNA- | (AGGRE- HIBERNATION (INCLUDING | (ALL 
Stupy AREA TION GATE) Mortatity Birps) | Factors) 
1947 
Balsam-Fir 
Long Lake 76 82 96 | 65.3 98.5 
Cross Clearing 76 77 94 72.8 | 98.5 
Fish Creek Pond 76 77 94 72.8 98.5 
Hollywood 76 64 91 82.6 98.5 
Hayes Brook 76 74 94 76.0 98.5 
Lake Placid 76 86 97 55.4 98.5 
Whiteface Mountain 76 56 89 85.8 98.5 
Osgood River 76 71 93 78.9 98.5 
Fish Pond 76 64 91 82.6 98.5 
Black Spruce | 
Osgood River 76 70 93 79.2° 98.5 
Red Spruce 
Fish Pond 76 66 92 81.6 | 98.5 
} 
1948 
Balsam-Fir | 
Long Lake 80 79 96 64.3 98.5 
Hollywood 80 68 94 76.6 98.5 
Clear Brook 80 93 99 — | 99.0 
Forest Home 80 50 90 85.0 98.5 
Duck Hole 80 92 98 6.3 98.5 








in 1947 and to 75 in 1948. During this 
period the parasite complex varied 
considerably. Trichogramma, A panteles 
Glypta, Phryxe, Itoplectis, and Ephialtes, 
all effected somewhat lower mortalities as 
the infestation declined. Dicladocerus, 
Aplomya, Meteorus, and a number of 
rather uncommon parasites were more 
important in the older, lighter infesta- 
tions. Fluctuations in the relative im- 
portance of various species in a parasite 
complex of this sort are commonplace. 
Certain species like Trichogramma are 
usually more effective in heavy infesta- 
tions, whereas certain species such as 
Meteorus, reach their greatest efficiency 
in older or declining infestations. So many 
of the budworm parasites rely on alternate 
hosts for hibernation, that a marked re- 
duction in the abundance of one of them 
would probably be reflected in lower para- 
sitization of the budworm. 

Figures such as those presented in table 
4 give a general idea of the relative 
abundance of various parasites, but the 
importance of parasites in the control of 
the pest is obscure unless other control 
factors are taken into consideration. In 
table 5, mortalities caused by parasites, 
during 1947 and 1948, have been com- 
bined with mortalities during hibernation 


and mortalities attributed to “unknown 
factors.” Figures for mortalities during 
hibernation are averages. Figures for 
“unknown factors” are calculated esti- 
mates. They are based on the fact that 
total aggregate mortalities must have been 
at least 98.5 per cent in a declining in- 
festation. During this study female 
moths laid an average of 134 eggs each. 
If only two of the eggs produced moths, 
(1.e. 1.49 per cent) the infestation would 
have remained static. 

The percentage figures presented in 
table 5 show the effect of mortalities 
during the hibernating period, mortalities 
caused by parasites and mortalities 
caused by unknown factors on the host 
population. The effect of the first two 
groups of factors are combined in 
column 4 and the effect of all 3 groups of 
factors are combined in column 6. This 
emphasizes the importance of the meas- 
ured as well as the unmeasured factors 
and also the fact that it is not possible to 
present the true value of percentage 
figures such as these unless actual figures 
showing density of host population are 
available. Unfortunately estimates of 
budworm populations in the late larval 
and pupal stages are not available for 
most plots. General observations made by 
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the writers when collecting full grown 
larvae and pupae, however, indicated that 
host populations fell off rapidly during this 
developmental period and that at most 
plots population densities were so low 
that insectivorous birds could probably 
have accounted for most of the mortality 
represented in table 5 as “unknown 
factors.” 

Discussion.—-General observations on 
budworm abundance were made through- 
out the whole Adirondack region, but all 
quantitative and qualitative data were 
obtained at small restricted plots. It is be- 
lieved that conclusions drawn in this 
manner are reliable, since the course of 
the infestation was uniform throughout 
the whole region. It would be a mistake, 
though, to consider natural control as 
having been brought about exclusively by 
the factors observed at the small study 
plots. Undoubtedly a complex group of 
environmental factors created a situation 
which proved favorable to the natural 
control factors observed. Otherwise there 
could not have been a substantial reduc- 
tion in budworm populations before con- 
siderable tree mortality occurred. 

A cursory glance at the specific control 
factors listed in table 5 might lead to the 
conclusion that the most important fac- 
tors were mortalities during the hiberna- 
tion period and insectivorous birds, the 
latter largely represented in “unknown 
factors.” However, no individual factor 
can be considered alone. 

The importance of any mortality factor 
or group of factors in reducing a popula- 
tion is relative, and depends on popula- 
tion density. Presentation of data in 
table 5 therefore provides no more than a 
comparison of the relative value of three 
groups of natural control factors, as they 
operated on the changing level of host 
population. This is true because an ef- 
fective mortality, expressed in per cent, 
depends on the size of the existing popu- 
lation. Unless it is possible to calculate 
existing populations and to deduce the 
potential effect of mortality factors which 
are unable to exert their full effect because 
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of the intervention of other control fac- 
tors, data of this type can provide only a 
general comparison of the importance of 
the mortality factors which were meas- 
ured. 

Probably there are marked ecological 
differences between the Adirondacks and 
areas where the spruce budworm has been 
more destructive. Possibly the fact that 
balsam fir is near the southern limit of its 
optimum range in the Adirondacks is of 
considerable importance in this connec- 
tion. In any event, stands in that region 
were particularly favorable to natural 
control factors affecting the budworm in 
this outbreak, and there is considerable 
evidence that an earlier outbreak, which 
began in 1917, also died out without 
causing widespread tree mortality. 

SumMary.—The heavy spruce bud- 
worm infestation that appeared in the 
Adirondacks in 1945 almost completely 
subsided in 1948 without causing serious 
tree mortality. Observations at 9 study 
plots indicated that the natural control 
factors primarily responsible for the re- 
duction in infestation were overwintering 
mortalities, entomophagous parasites, and 
insectivorous birds. From 75 to 80 per 
cent of the budworm larvae failed to live 
through the winter. 

The relative abundance of various en- 
tomophagous parasites varied considera- 
bly over three seasons, but aggregate per- 
centage parasitization was high, averaging 
from 62 to 75 per cent of the population. 
The effect of insectivorous birds was not 
accurately estimated, but general ob- 
servations indicated that they might have 
accounted for a high proportion of the 
mortality credited to “unknown factors.” 
Obviously a combination of environ- 
mental conditions in the Adirondacks 
proved particularly favorable to natural 
control factors during this outbreak, but 
just what the environmental conditions 
are still remains obscure. 

Sixteen species of parasites are listed, 
eight of which have not been recorded 
previously from the spruce budworm. 
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Periodic Colonization of Aphytis for Control of the 
California Red Scale. Preliminary Tests, 1949! 


Paut DeBacu,? E. J. Drerrick,® C. A. FLescuner,‘ and T, W. Fisuer,®* Division of Biological 
Control, University of California Citrus Experiment Station, Riverside 


In a previous paper (DeBach et al. 
1950) it has been shown that Aphytis 
chrysomphali (Mercet) maintains a highly 
satisfactory degree of natural control of 
the California red scale, Aonidiella au- 
rantii (Mask.), in certain untreated citrus 
orchards in southern California. There is 
no reason to believe that similar natural 
control of the California red scale could 
not be extended to other citrus groves 
now being given insecticidal treatment 
for this scale. 

If Aphytis chrysomphali is capable of 
successfully controlling the California red 
scale in certain groves, it may well be 
asked why it is not doing so more genera- 
ally at present. A partial answer may be 
that in areas favorable to Aphytis it is 
very possible that insecticidal treatments, 
either for the California red scale or for 
other pests, have prevented the estab- 
lishment of a balance between parasite 
and host. 

Insecticidal treatment for the red scale 
began nearly as soon as red scale became 
a pest and has increased in intensity as 
the years have passed. Woglum et al. 
(1947) point out that “Aphytis chrysom- 
phali (Mercet), formerly abundant in 
every red scale infested grove still persists 
but is usually abundant only in heavily 
infested trees which receive ouly sporadic 
treatments or are in semi-abandoned con- 
dition.” The development of the black 
scale, Saissetia oleae (Bern.), as a pest 
during about the same period that the red 
scale was spreading may have been re- 
sponsible for a large part of the insecti- 
cidal treatment that occurred and the 
consequent failure of Aphytis to exert 
more general control. 

As far back as 1902, Alexander Craw 
wrote (p. 203); “Early in September, 


Dr. W. B. Wall, the well-known orange- 
grower of Santa Ana, sent me parasites 
he had bred from red scale. Upon an ex- 
amination, I found them to be the ‘golden 
chaleid fly,’ referred to on page 221 of 
... (the Report of the California State 
Board of Horticulture) for 1891. Dr. Wall 
states that they are very numerous and 
are reducing the red scale. Roy K. Bishop, 
of Orange, and others, write favorably 
regarding it.” 

A. D. Bishop writes in the same report 
for 1902 (pp. 222-33): ““The practice of 
fighting insect pests by fumigation of the 
orchards once each year has reduced the 
red scale to a minimum; and a minute 
yellow fly, which is present this season in 
great numbers, in many instances has 
proved as destructive to the red scale as 
fumigation. We therefore believe that the 
treatment of orchards for red scale will 
soon become unnecessary. 

“But ... the same cannot be said of the 
warfare against the black scale, which, 
owing to its different life history and the 
fact that fumigation does not devitalize 
the egg, has been gradually increasing for 
four or five years, until now the presence 
of this insect presents quite a serious 
aspect....” 

It is evident from the foregoing report 
that natural control of the California red 
scale showed promise long ago but was 
never fully attained in groves which had 


1 Paper No. 654, University of California Citrus Experiment 
Station, Riverside, California. 

2 Assistant Entomologist, California Experiment Station. 
_* Principal Laboratory Technician, Citrus Experiment Sta- 
tion. 

4 Assistant Entomologist, California Experiment Station. 

5 Senior Laboratory Technician, Citrus Experiment Station. 

8S. E. Flanders, B. R. Bartlett and Louis H. Dawson were 
responsible for production of the parasites used in these studies; 
James Bourne and John Briggs, for laboratory counts. The 
Agricultural Commissioners of the various counties where this 
work was conducted greatly facilitated the acquisition of ex- 
perimental plots. 
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received regular annual treatments for 
the control of the California red scale, 
the black scale, or certain other pests. 
The parasite population in such groves 
would be much reduced, and it is to be 
expected that scale populations might 
increase to the point of commercial 
damage, before A phytis populations could 
re-enter and build up naturally. In addi- 
tion, there are indications that the Cali- 
fornia red scale in certain areas or on cer- 
tain varieties of citrus may not be so 
amenable to natural control by A phytis 
as elsewhere. 

It was thought possible that these two 
influences on the efficiency of the para- 
site, namely environmental unfavora- 
bility and decimated populations result- 
ing from insecticidal treatments for con- 
trol of California red scale or other pests 
might be alleviated by artificial coloni- 
zation of the parasites in the field. Where 
natural environmental abiotic factors 
were periodically unfavorable to A phytis, 
periodic colonization of the parasites at 
regular intervals might be necessary to 
establish and maintain a satisfactory 
balance; and where the environment was 
favorable to Aphytis but regular in- 
secticidal treatments against the Cali- 
fornia red scale or other pests prevented 
the establishment of a natural balance, 
an initial colonization of Aphytis might 
suffice to bring about such a balance. 

Inasmuch as little or no information 
concerning optimum numbers and _ times 
for parasite liberation was available at the 
initiation of the artificial colonization 
studies, gross tests were conducted in 
1949 in eight citrus groves. These tests 
were based on the theory that if satis- 
factory control could not be obtained by 
colonization of very large numbers of 
parasites at frequent intervals, there was 
no use in pursuing the study further. 
Numbers of parasites colonized in any 
given grove were therefore limited only 
by insectary production or by the de- 
velopment of an obviously favorable de- 
gree of parasitization. 

Meruops oF MrEAsuRING RESULTS.— 
In the application of any new method of 
pest control it is necessary to have a 
standard treatment or check for com- 


parison with the treatment being tested 
in order to evaluate the results accu- 
rately. Variables other than the treatment 
being tested are thereby eliminated from 
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Fic. 1.—Effect of red scale infestations (left) on a 
lemon tree from which the parasites were eliminated 
by DDT residues during 1949, and (right), on a 
nearby lemon tree under biological control from 
Aphytis “A”? mass releases during 1949. Biological 
Control Grove, University of California Citrus 
Experiment Station, Riverside. 


consideration. Until lately, workers in 
biological control have not had such ex- 
perimental comparisons. In the present 
studies three different but complementary 
methods of experimental comparison have 
been employed to permit a direct evalua- 
tion of the total effectiveness of Aphytis 
for any given period. Two of these 
methods, the insecticidal check method 
(DeBach 1946) and the sleeve-cage com- 
parison method (DeBach et al. 1949), 
have been discussed in a paper on the 
natural control of the California red 
scale by Aphytis chrysomphali (DeBach 
et al. 1950). 

The insecticidal check method involves 
the light application of a wettable DDT 
formulation to certain trees to eliminate 
and exclude Aphytis. The DDT, as used, 
has little or no effect on California red 
scale populations. A comparison between 
the development of scale populations on 
the DDT-treated trees from which para- 
sites are excluded, and on untreated trees 
which receive the full benefit of the para- 
sites, gives a direct measure of the total 
effectiveness of the parasites. The il- 
lustrations in figure 1 depict the gross 
difference in appearance of DDT-treated 
and untreated lemon trees in the Bio- 
logical Control Grove at Riverside. 

The sleeve-cage method operates simi- 


larly: The DDT-impregnated closed 
sleeve cage eliminates and excludes 
Aphytis from the  red-scale-infested 


branch; the branch in the untreated open 
sleeve cage receives the full benefit of the 
parasites, and comparison provides a 
direct measure of the total effectiveness of 
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Fic. 2.—Red-scale-infested lemon branches in 
DDT-treated closed sleeve (left) and in untreated 
open sleeve (right), for comparison. (Sleeves pulled 
back for photograph.) The branch in the DDT- 
treated closed sleeve was killed by the red scale as 
a result of the elimination of its natural enemies. 
The branch on the right is healthy and has few red 
scale. Maag temon grove, Orange-County, California. 


the parasites. The sleeve cages shown in 
figure 2 were pulled back to expose the 
lemon branches. The dead branch (left) 
of the DDT-treated closed sleeve cage 
had been protected from the natural 
enemies of the red scale long enough to 
be killed by the scale. The healthy branch 
(right) is that of the open, untreated 
sleeve cage to which the natural enemies 
of the scale had access. 

The third method now being used is 
termed the “biological check method.” 
This method employs ants to inhibit the 
action of natural enemies, and its effec- 
tiveness depends on the number of ants 
present. Comparison is made with a tree 
or trees from which ants have been 
eliminated. The same type of direct com- 
parison of the total effectiveness of the 
entomophagous species involved is sup- 
plied by this method as by the others. An 
“ant tree” in the Walker Valencia grove, 
at El Toro, Orange County, which has had 
infestations of aphids heavily tended by 
ants for an extended period, is shown in 
figure 3. The red scale infestation on this 
tree was many times that ever seen on 
any tree in this grove. The severely 
damaged ant (check) tree may be com- 
pared with the relatively uninfested tree 
shown in the left background. 

Additional information on the effective- 
ness of the parasites, especially their rela- 
tive effectiveness at any given time, is 
obtained by quantitative field studies. 
Data on scale population density, de- 
velopmental stages of scale present, de- 
gree of parasitization, stages of scale para- 
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Fic. 3.—Valencia orange tree ir the Walker Grove 
at El Toro, California, severely injured by red 
scale as a result of the elimination of Aphytis 
chrysomphali by the gray ant, Formica cinerea var. 
neocinerea Wheeler. The ants were present because 
of a coincident aphid infestation. In general, this 
grove is under excellent natural control. 


sitized, and proportion of dead and stung 
scale are collected from the field at defi- 
nite intervals. Although we have not as 
yet learned to interpret these data with 
respect to the total effect of Aphytis on 
red scale control over a period of time, 

are able to ascertain scale and parasite 
population trends which indicate the re- 
sults of earlier colonizations and the 
necessity for additional colonization of 
parasites. 

SAMPLING PROCEDURE AND LABORA- 
rorY TECHNIQUE.—The acquisition of 
quantitative data on fluctuations in scale 
population density and corresponding 
fluctuations in parasite population density 
is a precise and difficult task. 

In a complex ecological situation of this 
type, where it is desired to evaluate the 
efficacy of an entomophagous species by 
accumulation of mortality ‘data and by 
correlation of changes in parasite popu- 
lation density with changes in host popu- 
lation density, it is necessary to have an 
accurate method of sampling both popu- 
lations. It is virtually impossible, how- 
ever, to establish a sample which can be 
proved statistically to be an accurate in- 
dex of such populations. Years of careful 
quantitative sampling studies might ac- 
complish this, but such studies are 
generally impracticable. 
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Some of the questions which need to be 
answered in the present case are the fol- 
lowing: (1) Is the distribution of the scale 
within a tree more important than that 
between trees? (2) Is the relative distri- 
bution of the scale on fruit, leaves, twigs 
or old wood of differential importance in 
relation to parasite activity? (3) Are para- 
site activity and success dependent on 
average scale population density for the 
whole grove or on scale density on oc- 
casional more heavily infested trees or on 
scale density on the heaviest infested 
units (fruit, leaves, or twigs) on any given 
tree? (4) Is parasite activity less on cer- 
tain sides of the tree than-on others? 

It is evident that so many problems are 
involved that actual statistical studies of 
all of them are impracticable. Fortu- 
nately, it has been possible to simplify the 
problem by using certain hypotheses 
based upon sound field observations in 
groves where Aphytis chrysomphali is 
maintaining the red scale in natural 
balance at a low equilibrium position. 
(These hypotheses would have to be re- 
examined for groves receiving periodic 
insecticidal treatments.) 

The first hypothesis is that, under con- 
ditions of satisfactory biological control in 
a grove which receives uniform cultural 
or other treatments throughout, one tree 
or a few trees satisfactorily represent the 
California red scale population density 
existing throughout the grove. It is 
recognized that certain trees—for ex- 
ample, dusty roadside trees, new replants, 
or diseased trees—may be atypical, and 
such trees are not considered for sam- 
pling. The second hypothesis is that, on 
any given tree, the scale population 
density on either fruit, leaves, twigs, or 
old wood is an accurate index to that of 
the tree as a whole. The fruit cycle must 
be taken into account here, for there are 
times when mature fruit has just been 
picked and new fruit has not been present 
long enough to become infested. Counts 
during this period must be based on twig 
and leaf samples. The third hypothesis is 
that parasite activity occurs more or less 
equally on any given unit of the tree, and 
on any given tree in the grove; therefore 
any one unit, such as fruit, will furnish an 
index as to relative parasite activity on 
the tree and in the grove. 

These hypotheses are based upon the 
observed fact that, under conditions of a 
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satisfactory natural balance between the 
California red scale and the parasite 
Aphytis, the distribution of scale within 
a tree and between trees is remarkably 
uniform. When Aphytis reduces the scale 
population on one tree, it similarly re- 
duces the scale population on others. 
When Aphytis reduces the scale popula- 
tion on the fruit of a tree, it reduces the 
scale populations on the leaves, twigs, and 
old wood, accordingly. As a result, we 
have developed the sampling techniques 
described below. 

California Red Scale Population Density. 

‘A density rating of populations of the 
red scale is made monthly in each ex- 
perimental plot. The scales on 12 fruits, 
24 leaves, and 24 twigs of each of five 
regular sample trees are counted in the 
field. The total numbers of live scale, 
second instar and older, found on each 
type of unit are recorded separately. 
Averages are calculated from the five 
trees and these are used to represent the 
scale population for the plot. 

The individual sample units are drawn 
from three different levels: shoulder, hip, 
and knee height. Half of the units are 
taken from the periphery of the tree; the 
other half are taken at arm’s length 
within the tree. In each case an equal 
number of units is taken from each 
quadrant of the tree. Each unit is drawn 
from its quadrant and level and ex- 
amined without removing it from the 
tree. After the samples are drawn ran- 
domly, no selection is made other than 
rejection because of scarring, flush 
growth, gray wood that is too old, in- 
sufficient length of green wood, and other 
abnormalities of sample. 

Scale counts are made on the whole 
fruit and leaf, but green-wood_ twig 
samples are taken by placing a 6-inch 
measuring stick next to a green-wood 
twig and counting the scales on the por- 
tion of twig marked off by the middle 
3-inches of the 6-inch measure. Thus, 
short, stubby green-wood spurs are 
eliminated, as is the portion of twig 
nearest the older gray wood, which tends 
to be more heavily infested than the 
normal green growth. Gray wood and 
intermediately green-gray wood are not 
included in this field rating because of 
visual difficulty in counting. Flush growth 
is not counted because there has been no 
opportunity for scale to infest it. 
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Because of periodic variability due to 
the picking of the fruit and dropping of 
the leaves, the green-wood sample fur- 
nishes a more constant sample than either 
fruit or leaves. Experience has shown, 
however, that a combination of the three 
types gives the best and most practical 
field rating of the red scale population for 
correlation with parasitization records. 
Occasionally, the gray-wood reservoir of 
red scale (7.e., in groves previously oil- 
sprayed, or where ant runs have resulted 
in a build-up of red scale) needs to be in- 
corporated into the rating. Thus far, field 
notes have been relied upon to indicate 
this. There is strong probability that the 
samples as now taken reflect this gray- 
wood density. Laboratory counts of 
green- and gray-wood units, fruit, and 
leaves show good correlation of scale 
density. 

Parasitization and Stage of Scale De- 
velopment.—The most reproducible and 
practical method for rating parasitiza- 
tion in the experimental plots is by means 
of precisely selected fruit samples drawn 
from specified areas within each plot. Ex- 
tensive field observations, together with 
much laboratory counting, have shown 
that parasitization trends and scale re- 
duction on heavily infested fruit reflect 
the degree of scale control on the remain- 
der of the plot. Fruit provides a conven- 
ient sampling unit and one easy to count. 
It is also the marketable unit and there- 
fore reflects the economics of the control. 
Thus a_ relatively small, well-chosen 
sample of fruit, selected every two weeks, 
gives a very reproducible measure of 
parasitization, as well as of developmental 
stages of scale, for the entire plot. 

Ten heavily infested fruits are selected, 
one from a tree, and taken to the labora- 
tory in sealed heavy paper bags for scale 
counting. There must be 20 or more 
scales, second instar or older, per fruit to 
supply enough scales for an adequate 
count. When such heavily infested fruits 
are not available on the trees chosen, 
other trees in the specified area are 
sampled. 

The scales are examined in the labora- 
tory with the aid of binocular micro- 
scopes, using 18-X magnification. The 
scale covers are removed as encountered 
on each fruit until a maximum of 50 live 
or parasitized scales, or 100 dead or stung 
scales, older than the first-molt stage, 
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have been examined. Record is made of 
the number and developmental stage of 
all normal alive, dead, stung, and para- 
sitized red scale, and of the number and 
stages of development of all parasites, per 
fruit. 

The measurement of scale mortality 
caused by Aphytis presents a rather dif- 
ficult problem inasmuch as Aphytis 
probably causes more mortality to Cali- 
fornia red scale in the field from host- 
feeding and mutilation activities than it 
does from parasitization (DeBach et al. 
1950). A stung scale is a more or less 
moribund scale showing typical brown 
necrotic areas, especially in the area of the 
pygidial lobe, which have resulted from 
ovipositor punctures during host-feeding 
activities of the adult parasite. 

The stung-scale category is frequently 
difficult to define because scales intergrade 
from those definitely stung to those dead 
from unknown causes. Scales identified as 
“stung” may range from live scales bear- 
ing fresh sting marks to dead scales having 
obvious sting marks. In doubtful cases 
the scales are classified as ‘“dead.’’ Normal 
live scales are those having the normal 
yellow color without any obvious sting 
marks. All scales not normal or stung are 
classified as dead scale. This “dead” 
category includes many stung scales to 
which we are at present unable to assign 
a definite cause of mortality. With the 
accumulation of more natural-mortality 
counts from plots in which there is no 
parasite activity, it appears that we shall 
be able to analyze the “dead” category 
quantitatively. Preliminary indications 
are that a large proportion of the scales 
listed as dead have been stung. 

Resu.tsor Pertopic COLONIZATIONS OF 
Aphytis Species IN 1949.—As a result of 
preliminary field studies of the natural 
factors affecting the California red scale, 
it was found that Aphytis chrysomphali 
was the most efficient and therefore the 
most logical natural enemy for use in any 
attempt to control the red scale in groves 
previously treated, or in groves where this 
parasite did not naturally maintain itself 
successfully (DeBach et al. 1950). Plans 
made early in 1948 involved the use of 
this parasite alone. In November 1947, 
however, another species of Aphytis had 
been introduced from China, a_ species 
reared from parasitized Florida red scale 
sent to Riverside by J. Linsley Gressitt, a 
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member of the staff of the Division of 
Biological Control, stationed at Lingnan 
University, Canton, China. 
Recognizing that this parasite was new, 
S. E. Flanders gave it the designation 
Aphytis “A,” the name used throughout 
this paper. He noted that there were 
distinct differences in pupal pigmentation; 
that Aphytis “A” had males, whereas A. 
chrysomphali on Aonidiella aurantii in 
California did not; and that, in general, 
females of Aphytis ““A’’ were more robust 
and somewhat darker yellow than those 
of A. chrysomphali. It is very difficult, 
however, to distinguish between the fe- 
males of the two forms, other than by 
microscopic examination of prepared 
slide mounts. Specimens are on file in the 
collection of the Division of Biological 
Control of the University of California 
Citrus Experiment Station at Riverside. 
Aphytis “A” was colonized on Cali- 
fornia red scale in July 1948, and by fall 
it was reproducing freely in the field. The 
efficiency of this parasite appeared to be 
similar to that of naturally occurring A. 
chrysomphali, and, inasmuch as the new 
species demonstrated certain biological 
and morphological differences from chry- 
somphali, plans were immediately adopted 
to rear it in large numbers for testing in 
conjunction with A. chrysomphali in 1949. 
Aphytis “A” proved to be so much 
easier to propagate in the insectary than 
Aphytis chrysomphali that more of the 
former than of the latter were used in 
periodic colonization tests in 1949. Only 
enough A. chrysomphali were obtained 
from the insectary to conduct satisfactory 
mass colonization tests In one grove. 
Results obtained from the periodic 
colonization of Aphytis species in the 
various test groves are discussed below. 
Biological Control Grove, University of 
California Citrus Experiment Station, 
Riverside-—The present studies on the 
California red scale in this 2-acre isolation 
plot of young, mixed citrus varieties be- 
gan in February 1947. This grove was 
planted in 1942 and has never received 
any insecticidal treatments, Observations 
up to the beginning of 1949 indicated this 
to be a typical untreated grove, in which 
red scale populations build up each year 
to a very high density. Much leaf drop 
and twig and branch injury occurred each 
fall as a result of the red scale infestation. 
The grapefruit, shaddock, and lemon 
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trees were so heavily infested with scale 
that considerable defoliation resulted, and 
both navel and Valencia oranges were 
severely damaged. Occasionally, capable 
observers have predicted that the trees 
would die, but each spring they have come 
back with a flush of new growth after 
losing many leaves and the most heavily 
infested fruit and twigs. 

Fairly heavy red scale populations came 
through the severe winter of 1948-49 on 
all varieties, especially lemon, grapefruit, 
and shaddock; however, the 1949 spring 
hatch came later than in previous years, 
not showing until the first of June. The 
rate of increase of scale populations in the 
spring and early summer of 1949 tended 
to be slower than usual, but a tendency 
toward a rapid increase in scale reproduc- 
tion in the late summer and fall more than 
offset the previous slow rate of increase. 

In the past, the heavy-density scale 
feeders Lindorus lophanthae  (Blaisd.) 
and Chilocorus sp., and the parasite 
Comperiella bifasciata How., plus winter 
mortality, have so lowered the scale 
density through the fall and winter of each 
year that the trees have survived and the 
process has been repeated the following 
year. In 1947 and 1948 the golden chalcid, 
Aphytis chrysomphali (Mercet), was re- 
covered only rarely. 

Early observations led us to believe 
that the scarcity of the golden chalcid in 
this grove was possibly due to low hu- 
midity. This young, exposed planting is 
surrounded by unirrigated barren land; 
hence, it has little protection in periods of 
low humidity. Protective niches in which 
adult A phytis might weather the frequent 
periods of dryness were undoubtedly few. 
The 1949 studies were therefore begun 
with experimental attempts at modifica- 
tion of the environment in favor of higher 
humidity. Periodic colonization programs 
followed later in the season. 

An over-all test for modification of the 
environment involved the planting of a 
permanent covercrop of several grasses 
and the use of bi-weekly instead of 
monthly irrigations. In order to further 
modify conditions, several trees were 
covered with cages of nylon cloth, lumite 
screen, or lath. All these tests were aimed 
at increasing the humidity and maintain- 
ing it relatively high during periods of low 
atmospheric humidity. The role played by 
the covercrop in the success obtained 
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from the periodic colonizations is not 
clear, inasmuch as no comparison with 
noncovercropped areas was available. 
The only statement that can be made at 
present is that the parasites were highly 
successful, and the covercrop may have 
made conditions more favorable to the 
parasites. There was no indication of ad- 
ditional benefits inside the tree cages. 

Periodic colonization began as a com- 
parative efficiency study. This involved 
weekly liberations of equal numbers of 
Aphytis “A” and <A. chrysomphali on 
paired trees of the four varieties of citrus. 
Releases were made at the rate of 250 
females per tree per week from March 15 
to June 30, until totals of 16,000 females 
of each species had been liberated. The 
parasites soon spread from the original 
release trees to larger areas, and it became 
apparent that a combination of the two 
Aphytis species was successfully reducing 
scale populations, inasmuch as the coloni- 
zation area was “‘cleaned-up” considera- 
bly in relation to the rest of the grove. 

Counts indicated that Aphytis “A” not 
only dominated in its own area, but also 
had ro ad and competed successfully 
with A. chrysomphali. As a result of these 
counts, and because an appreciable de- 
pletion of chrysomphali stocks had 
occurred in the insectary, a change in.de- 
sign of the experiment was decided upon. 
The grove was made a periodic coloniza- 
tion test plot for Aphytis “A” only. Be- 
tween July 1 and July 17, 21,200 A phytis 
\” and 8200 A. chrysomphali were re- 
leased on two centrally located rows of 
trees through the grove. Then, larger 
numbers of Aphytis “A” being provided, 
liberations were made on the whole block, 
according to scale density, the heavier 
areas receiving more parasites. Between 
July 19 and August 17, 134,000 female 
Aphytis “A” were released. 

Karly in June, field dissections showed 
Aphytis “A” to have spread throughout 
areas of the early comparative releases, 
although adults were not commonly found 
even on the release trees. It was apparent 
in these areas that the number of scale 
susceptible to parasitism had been lowered 
considerably by our releases. By mid-July, 
when additional supplies of Aphytis na. Vag 
were available, a large proportion of scale 
from the June hatch had developed to 
stages susceptible to A phytis parasitism. 
Meanwhile, the Aphytis “A” population 
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had so increased in the field that by this 
time it was common to find 5 to 10adults 
on some of the more heavily scale-infested 
fruits near the point where the first re- 
leases had been paves 

All old, mature fruit was picked and 
thrown on the ground beneath the trees 
at this time, the purpose being to follow 
normal grove fruit-picking practices but 
without loss of parasites, since the para- 
sites could emerge from the fruit on the 
ground. The new, immature fruit of all 
varieties became infested by the summer 
hatch of crawlers in late July and August, 
but Aphytis-caused mortality on this 
hatch of scale was so great that only a 
small percentage of the scale reached 
maturity to reproduce. By mid-August 
this grove, as a whole, was commercially 
clean, and as a result of this scale mor- 
tality most of the fruit remained free of 
scale throughout the rest of the year, al- 
though a few fruits became heavily in- 
fested with the hatch of scale from the 
one or more reproducing female scales 
which the parasites had missed on these 
fruits. A phytis reduced the populations on 
these fruits through the fall and winter of 
1949, so that by January 1950 the average 
scale density was the lowest it had been. 
This occurred despite the fact that no 
colonizations of A phytis were made after 
August. 

It is interesting to note that the heavi- 
est scale reservoirs in September were in 
parts of the grove which had received the 
fewest parasites. These included the 
oranges farthest removed from the main 
colonization area in the east end of the 
grove, and the lemons farthest removed, 
but they were only lightly infested. The 
grapefruit and shaddocks were excep- 
tionally clean, perhaps because of their 
dense foliage, in contrast with the open- 
ness of the lemons. By late September, 
however, the oranges at the east end of 
the grove, and the lemons, were showing 
evidence of heavy scale mortality from 
Aphytis. This mortality continuéd; so 
that by the end of December the average 
scale density was the lowest of the year. 

An idea of the total effect of mass 
colonizations of A phytis “A”? may be de- 
rived from a perusal of table 1, in which 
are shown, for comparison, the relative 
red scale populations on citrus trees 
pct: with DDT to eliminate parasites, 
and on untreated trees which received the 
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Table 1.—Total effect, in 1949, of mass colo- 
nizations of the parasite Aphytis ‘‘A’”’ on control 
of the California red scale on citrus, as shown by 
comparison of relative populations of scale on 
trees treated with DDT, which eliminated para- 
sites, and on untreated trees that received full 
effect of colonizations (final count, January 
1950).—Biological Control Grove, University of 
California Citrus Experiment Station, Riverside. 








AVERAGE SCALE 
PoruLation RatinG 


Date or First PER Tree! 
Cirrus DDT <= 
VARIETY TREATMENT ‘bpr- Treated U intreated 
Valencia orange July 29, 1948 5107 213 
Lemon July 29, 1948 25452 49 
Navel orange July 21, 1949 642 9 





1 For method of rating, see section on “Sampling Procedure 


and Laboratory Technique.” 
*A conservative sample; an accurate count could not be 
made because of extensive tree damage by red scale in 1949. 


full effects of the colonizations. 

It will be noted that the DDT-treated 
Valencia and lemon trees were first 
treated on July 29, 1948. These trees 
showed a moderate increase in red scale 
populations over the untreated trees by 
late 1948, but most of this difference was 
eliminated by the large amount of red 
scale killed by the severe freezes during 
the winter of 1948-49. There was little 
apparent difference between DDT-treated 
and untreated trees in the early spring of 
1949. The differences apparent in De- 
cember 1949 therefore ‘represent fairly 
accurately the results of parasite activity 
in 1949. The DDT-treated navel tree was 
first sprayed on July 21, 1949. The differ- 
ences between this tree and the untreated 
tree represent the effects of Aphytis “A” 
from July 21 through to December 1949. 
It is obvious from the data in table 1 that 
a tremendous amount of scale mortality 
is attributable to the parasites. Offhand it 
would appear that about one third to one 
half of the benefits derived from Aphytis 
“A” colonizations accrued after July 21. 

Comperiella bifasciata accounted for 
part of the mortality of adult female red 
scale in this plot. Although Comperiella 
alone is not able to control the red scale 
at low population densities, it works well 
on the mature female, which is not 
susceptible to parasitism by A phytis. 

The ability of Aphytis “A” to continue 
effective work during 1950 will indicate 
whether or not this plot will attain a sat- 
isfactory natural balance. 

Pascoe Grove, Puente-—This grove com- 
2.5 acres of 30-year old Valencias, 
5 acres of 15-year 


prises 
2.5 acres of lemons, and 5 
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old Valencias. The grove was treated regu- 
larly with oil spray for red scale control 
through 1947. Current studies began in 
June 1948, when the grove had been with- 
out treatment for about a year. The scale 
infestation was then low on the lemons 
and very low on the oranges, except for 
certain branches on a few trees, where by 
the end of 1948 red scale was building up 
to heavy densities. 

No Aphytis parasites were available for 
colonization in 1948, but Chilocorus sp., 
Comperiella bifasciata (Chinese strain), 
and nearly all new foreign importations 
were colonized. None of these except 
Comperiella reproduced successfully in the 
field, but Comperiella was recovered only 
rarely. By late October 1948, populations 
of Aphytis chrysomphali had built up 
naturally, especially in areas of heavy 
scale infestation, until adult parasites 
were of common occurrence. An appre- 
ciable amount of scale mortality was 
vaused by this natural A phytis popula- 
tion. The severe winter of 1948-49 seri- 
ously damaged the lemon trees and fruit 
and caused a 30 per cent fruit loss in the 
oranges, with corresponding mortality to 
scale and Aphytis. 

The periodic colonization plan for 1949 
included the regular release of Aphytis 
chrysomphali in a block of large Valencia 
orange trees 10 by 10, and in a block of 
lemon trees 5 by 5. These areas were 
treated regularly with chlordane for ant 
control. There were never enough para- 
sites available, however, to carry out 
colonization of the lemon block success- 
fully. Another plot of voung orange trees 
some distance from the other plots was 
set aside to receive surplus Aphytis “A” 
when available. 

Red scale infestations increased rather 
slowly in the spring of 1949, the spring 
“hatch” not occurring until early in June. 
Weekly colonizations of Aphytis chrysom- 
phali were begun in the large orange 
block in April, and were continued on 25 
trees in the center of the block at the rate 
of 200 females.per tree, or a total of 5000 
females per week, until mid-July. On three 
dates, April 20, July 14, and August 30, 
each of the 100 trees in the plot received 
colonizations in proportion to the density 
of scale per tree. As the spring and sum- 
mer progressed, red scale mortality caused 
by Aphytis kept pace with the increase 
in reproduction of the red scale on the 25 
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main colonization trees in the center of 
the 10-by-10 block. The result was that 
scale density increased little or none on 
these trees. 

At the time of the spring hatch of scale, 
the 75 outer trees of the 10-by-10 block 
had many more fruits that were heavily 
infested than did the center 25 trees, but 
considerable Aphytis activity was easily 
observable; whereas in the heavily in- 
fested large orange trees outside the 
colonization block the A phytis population 
was very low. The spring hatch so ac- 
centuated the condition that even inex- 
perienced observers could easily see the 
difference between the scale density in- 
side and outside the colonization block. 

By the middle of July the scale density 
was so low inside the colonization block 
that Aphytis adults were dispersing into 
other parts of the grove. This dispersal 
was probably due to a sudden peak of 
Aphytis production in July and early 
August, which greatly reduced the scale 
population and at the same time greatly 
increased the adult Aphytis population. 
About this time insectary production of 
A. chrysomphali suffered curtailment, and 
no more releases were possible until the 
first of September, when a release of 
16,000 parasites was made. 

By August 10 the adult A phytis popula- 
tion had largely dispersed out of the 
colonization block, and on many of the 
densely scale-infested fruits outside the 
block there were 10 to 20 adult parasites. 
The extent of the dispersal was estimated 
from counts made on August 23, 1949, on 
lemon trees at varying distances from 
the 10-by-10 colonization block. It is evi- 
dent from a diagrammatic representation 
of these data (Fig. 4) that there was an 
active dispersal of A. chrysomphali from 
the area of liberation. The circles sur- 
rounding each number represent the 
number of trees on which counts were 
necessary in order to obtain 60 fruit- 
bearing terminals heavily infested with 
scale. Thus, scale density was inversely 
proportional to the number of circles, 
and the smaller, more remote areas were 
those of the heavier scale density. Had 
the adult Aphytis population been the 
result of a natural build-up instead of dis- 
persal, more rather than fewer adults 
would have been present in the more 
remote, densely scale-infested areas. 

After the summer hatch, from the end 
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Fig. 4.—Diagrammatic representation of dispersal 
of adult female parasites of Aphytis chrysomphali 
from colonization block in orchard of large orange 
trees into adjacent plantings. (Dispersal assumed to 
be equal in all directions.) Figures indicate the 
number of adult parasites found on 60 fruit-bearing 
terminals heavily infested with red scale in each of 
the various areas sampled. Circles represent trees 
on which counts were made to obtain required num- 
ber of scale-infested terminals. The scale population 
density was inversely proportional to the number 
of circles. Counts made August 23, 1949. Pascoe 
Grove, Puente. 


of August through September, scale popu- 
lation density within the 25-tree center 
area of the 10-by-10 colonization block 
dropped to a point where less than one 
fruit in 50 bore more than 10 scales. This 
was nearly as low a scale density as existed 
in any of the colonization groves at that 
time. 

A comparison of red scale population 
development on a tree treated with DDT, 
which largely eliminated A phytis, and on 
an untreated tree which received the full 
effects of the colonizations, gives a 
measure of total A phytis effectiveness dur- 
ing 1949. Unfortunately, the DDT- 
treated tree was within the colonization 
block, and the constant dispersal of 
Aphytis adults to this tree resulted in 
considerable scale mortality from the ovi- 
position that occurred before the para- 
sites were killed by the DDT. Where 
large numbers of Aphytis adults are pres- 
ent, this represents a considerable mor- 
tality. This particular DDT-treated tree 
showed little difference from the untreated 
trees until after the heavy population of 
Aphytis adults had dispersed out of the 
colonization block. At the time of the 
final count in January 1950, the relative 
scale density on these trees was as fol- 
lows:—for the DDT-treated tree, 287; 
for the untreated tree, 40 scales. 
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The lemon colonization-block — tests 
could not be conducted as planned be- 
cause of the lack of Aphytis chrysomphali 
adults with which to maintain the test. 
Releases were made only when extra 
parasites were available, that is, more 
than the 5000 required for weekly colon- 
ization in the large orange block. Only 
17,000 female A. chrysomphali were re- 
leased in this area of relatively high scale 
density. An unknown but large number of 
adult parasites dispersed into this block 
from the large orange colonization block, 
especially during August. This was too 
late, however, to stop scale population in- 
crease during the summer. This block 
heecame well infested with red scale by 
midsummer, with the rate of scale in- 
crease ahead of the rate of parasite in- 
crease through September. In September, 
scale density was still going up, and there 
had been little increase in the percentage 
of parasitization. With slower scale devel- 
opment during the fall of 1949, however, 
and an apparent relative increase in 
Aphytis activity, considerable clean-up 
of the summer and early winter hatches 
of scale occurred by the end of December 
1949. This plot is not yet commercially 
clean. 

The total effect of A phytis chrysomphali 
in red scale control in the lemon coloniza- 
tion plot in 1949 is illustrated by a com- 
parison between red scale populations on 
the DDT-treated tree and on an untreated 
tree. At the time of the final count in 
January 1950, the relative scale density 
on these trees was as follows:—DDT- 
treated tree, 1690; untreated tree, 135 
scales. 

The small orange block across the 
grove from the other colonization blocks 
was set up in June 1949 because an in- 
crease in insectary production of A phytis 
“A” made additional colonization tests 
possible. Releases were made on 5 to 25 
trees, the number of trees depending upon 
the number of parasites available. Thirty- 
eight thousand A phytis “A” females were 
liberated in June, 5000 in July, and 
28,000 in the first half of August. No more 
parasites were available for colonization 
in this plot for the remainder of the year. 

Comparisons have been made between 
red scale and parasite populations inside 
and outside the colonization area. The 
“outside area” is in the small oranges, at 
least 5 to 10 tree rows from the nearest 
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colonization trees. Aphylis chrysomphali 
was present naturally in the small oranges 
before Aphytis “A” colonizations were 
started. Both blocks have cleaned-up 
fairly well, although early in the summer 
the red scale infestation was potentially 
dangerous. The colonization area cleaned- 
up two weeks earlier than the noncolon- 
ization area, and scale density never be- 
came as heavy inside as outside the block. 
Data on the build-up and dispersal of 
Aphytis “A” were obtained by taking 
periodic samples inside and outside the 
colonization block. The percentages of 
the two species recovered are shown in 
table 2. 


Table 2.—Relative percentages of Aphytis 
‘*A”’ and A. chrysomphali inside and outside the 
Aphytis ‘‘A” colonization block in the small or- 
ange trees—Pascoe Grove, Puente.' 





Per Cent A phytis Species? 


Out side Coloniza- 
tion Block 


Inside Coloniza- 


tion Block 


SAMPLING Aphytis A. chry- Aphytis A. chry- 
Darr, 1949 “A” somphali “A’ somphali 
August 2 50 50 0 100 
August 10 60 40 0 100 
August 31 75 25 22 78 
September 14 95 5 58 2 
September 28 88 12 16 S+ 
October 12 62 38 20 80 
October 26 60 40 14 86 
November 11 40 60 0 100 
November 23 28 72 8 92 
December 7 100 0 13 87 
December 21 56 44 22 78 





1A natural population of A phytis chrysomphali was present 
throughout this grove before the colonization of A phytis “A.” 

2 For method of rating, see section on “Sampling Procedure 
and Laboratory Technique.” 


It is apparent from table 2 that A phytis 
“A” adults did not disperse readily until 
a clean-up of scale forced them to search 
intensively, as in late August; this dis- 
persal is reflected in the counts of Sep- 
tember 14. It is also evident that although 
Aphytis “A” was principally responsible 
for the clean-up inside the colonization 
block, A. chrysomphali was largely re- 
sponsible for that outside, even though 
“outside” was only 5 to 10 rows from the 
colonization block. Aphytis “A” in this 
grove did not show the superiority over 
chrysomphali that it did in the Biological 
Control grove at Riverside. 

The test for comparison of red_ scale 
population development on a DDT- 
treated tree and on an untreated tree was 
begun in this particular plot too late to be 
effective in 1949. The first DDT treat- 


























December 1950 


ment was given on July 14, 1949. Differ- 
ences were readily measurable by Sep- 
tember 1949, but they will be more ap- 
parent later. 

Martin Grove, San Bernardino.—The 
Martin periodic colonization plot is a 
small one of mixed varieties of citrus, 
principally grapefruit, in an area espe- 
cially favorable to the California red 
scale. In 1948 Lindorus lophanthae was 
common in this grove, Chilocorus spp. 
were colonized, but A phytis chrysomphali 
was neither found nor colonized. A phytis 
“A” was colonized in 1948 but came 
through the winter in very low numbers. 
There was evidence of considerable low- 
temperature mortality of this parasite. 
Heavy red scale populations passed 
through the winter successfully in’ this 
grove, and the spring hatch, which oc- 
curred during the last two weeks in May, 
was earlier than in any of our other test 
plots. 

Liberations of A phytis “A” were begun 
in a small way on three trees near the 
center of this block on March 30, 1949. 
In April 4500 parasites, and in May 
5000 parasites, were colonized on these 
trees. By May 31 a large proportion of 
the scale susceptible to parasitism on the 
release trees contained larvae and pupae 
of Aphytis “A,” and Aphytis “A” adults 
were common. The parasites had dis- 
persed to other trees throughout the block 
during this period and were generally 
established on all trees. 

In June 28,500 Aphytis “A” were re- 
leased throughout the block. There was 
considerable evidence of scale mortality 
among the scale developing from the May 
hatch, but large numbers of live scale 
were developing. 

The first of July 17,000 Aphytis “A” 
were released, but by July 5 it was evi- 
dent that so many parasites were develop- 
ing on seale on heavily infested old fruit 
that additional releases would not be 
justified, in view of the need for releases 
in other test groves. During the remainder 
of July, and up to August 15, Aphytis 
adults were very common, 10 to 20 adults 
commonly being found per old fruit. The 
new crop of grapefruit became infested 
in late July and August with crawlers 
from adult seales that had developed from 
the spring hatch. This occurred in spite of 
the fact that probably in excess of 95 per 
cent of the total scales developing from 
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the spring hatch were eliminated by 
Aphytis. 

Coincident with the drastic reduction 
of scale in early August was a tendency to 
even up the scale generations, so that for 
a period the live scale consisted largely of 
mature adults and newly hatched scale, 
which are not susceptible to parasitiza- 
tion. There was also a decided drop in 
adult populations of A phytis from August 
15 to August 25 because of the scarcity 
of scale suitable for parasitism. Imma- 
ture Aphytis were successfully developing 
in the scale on the new fruit during late 
July and early August, however, and by 
August 25 nearly all scales on the new 
fruit were dead or parasitized. The few 
that were missed matured and hatched 
during the fall and winter. On August 30 
the mature fruit was picked and left on 
the ground beneath the trees in order to 
follow regulation picking practices as 
closely as possible and to allow any un- 
emerged parasites to emerge from these 
fruits into the grove. In a grove where 
normal cultural practices are followed, 
these fruits would have been picked at 
least one month earlier. 

By the end of September this plot, 
especially the center, could be considered 
commercially clean. Aphytis “A” con- 
tinued effective work during October, 
November, and December, with the result 
that this plot was under very satisfactory 
biological control at the outset of 1950. 
It is possible that in 1950 a natural bal- 
ance will be achieved, which will obviate 
the need for further colonizations of 
A phytis. 

The total effect of Aphytis “A” on red 
scale control in this plot in 1949 is illus- 
trated by a comparison of relative red 
scale populations on the tree treated with 
DDT, which eliminated parasites, and 
on the check tree, which received the full 
effect of the parasite colonizations (Table 
3). Percentages of parasitization show 
that cessation of colonizations after July 
5 did not affect the degree of parasitiza- 
tion adversely. 

It is evident from these data that 
Aphytis “A” was responsible for a tre- 
mendous amount of red scale mortality. 
The initial scale population ratings on 
June 15 show how heavily this plot was 
infested before the effects of colonization 
of Aphytis “A” became evident. The little 
or no increase in scale population recorded 
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Table 3.—Total effect, in 1949, of Aphytis ‘‘A” 
on control of the California red scale on citrus, as 
shown by comparison of relative populations of 
scale and percentages of parasitization on a tree 
treated with DDT, which eliminated parasites, 
and on an untreated tree that received full effect 
of colonizations (final count, January 1950)— 
Martin Grove, San Bernardino. 








AVERAGE SCALE 
PopuLaTION RATING 
PER TREE! 

~- Per CENT 


DDT- Un- PARASI- 


SAMPLING 


DATE Treated treated  TIZATION 

1949 

June 135? 8200 7200 14 

September 9 5473 115 12 

October 10 8637 188 33 

November 4 9200 92 34 

November 30 9880 77 45 
1950 

January 9 8670 89 28 





1 For method of rating, see section on “Sampling Procedure 
and Laboratory Technique.” 
2 Date of initia! count and of initial DDT treatment which 


followed. 


on the DDT tree during the fall and 
winter of 1949 is ascribable to the pres- 
ence of a near-maximum scale population 
on this tree. The twigs most heavily in- 
fested were killed and thus eliminated 
from further counts, and the succeeding 
counts were of necessity restricted to 
twigs in the process of becoming severely 
infested. It appears that a sort of equilib- 
rium may be established on DDT- 
treated trees, around a maximum count of 
9000 to 10,000 scales, until the tree is 
dead. This same phenomenon is evident 
on the DDT-treated lemon tree listed in 
table 1. 

Maag Grove, Santa Ana Canyon.—This 
small lemon grove has not been treated 
for a number of years. In 1948 it and the 
Walker grove (see DeBach et al. 1950) 
were the only untreated or irregularly 
treated red-scale-infested groves that we 
could locate in Crange County. The latter 
grove was under excellent natural control 
by Aphytis chrysomphali. 

In the Maag grove the California red 
scale has been only partially controlled 
biologically in the past. Aphytis chrysom- 
phali and Chilocorus sp. were the principal 
natural enemies, although Lindorus lo- 
phanthae was evident in heavily infested 
trees. The purple scale, Lepidosaphes 
beckii (Newman), in this grove also has 
been partially controlled, principally by 
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Chilocorus sp. Although the general level 
of control in this block has been below 
commercial standards, the fruit has been 
marketed satisfactorily each year. Trees 
have been rather neglected culturally, 
but in 1949 they received regular irriga- 
tions and fertilizer applications. 

The plan for periodic colonization was 
to introduce Aphytis “A” into the west 
half of the grove, only, on a regular weekly 
release basis. Liberations were to be made 
on certain individual trees until a total of 
2000 females had been released per tree; 
then, as more parasites became available, 
releases were to be made on additional 
trees in this same manner. Samples were 
taken regularly from inside and outside 
the colonization block to check the pro- 
ress of Aphytis “A” in the release block 
and its dispersal outside the release block, 
where it would be in competition with 
a natural population of A. chrysomphali. 
The average number of A phytis “A” fe- 
males liberated each week in April and 
May was 500, and these were put on 3 
trees only. Thirty thousand females were 
liberated on 15 trees in June; 25,000 fe- 
males on additional trees in July; and 
32,000 females on more trees in the first 
half of August, when 1949 releases were 
terminated as insectary stocks dwindled. 

The spring hatch of scale started late 
in May in this grove, but scale density 
increased more rapidly in 1949 than in 
1948. Perhaps a lower density of Chilo- 
corus sp. in the spring of 1949, together 
with winter mortality of Aphytis chry- 
somphali, left a heavier overwintering 
scale reservoir. As a result of coloniza- 
tions, however, scale increase was checked 
early in the center of the colonization 
block. Parasitization reached its peak in- 
side the Aphytis “A” release area in 
August, a month earlier than in the non- 
release area, where A. chrysomphali was 
building up naturally. The relative effects 
of our releases, as measured by differences 
in scale populations inside and outside 
the colonization area, were very apparent 
to the eye by the fall of 1949. The three 
original trees, which received parasites 
in April and May, were commercially 
clean of scale by September; the re- 
mainder of the colonization block was 
nearly commercially clean; the  non- 
colonization block was heavily infested. 

The scale present on the new fruit in 
September was from the fall generation. 
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Table 4.—Relative percentages of Aphytis 
‘*A” and A. chrysomphali inside and outside the 
Aphytis ‘‘A” colonization block—Maag Lemon 
Grove, Santa Ana Canyon, — County.' 








Per CENT Aphytis SPECIES* 








Inside ¢ ‘eleniae Outside Coleninn- 








tion Block tion Block 

SAMPLING A abetie A. dine. Aphatis A. chry- 

Date, 1949 wy. ‘ig somphali “A” somphali 
July 28 76 24 -- — 
August 4 94 6 43 57 
August 18 100 0 27 73 
September 1 100 0 20 80 
September 15 88 12 l 99 
September 29 90 10 24 76 
October 13 90 10 37 63 
October 26 100 0 74 26 
November 10 100 0 74 26 
November 23 100 0 100 0 
December 9 100 0 79 21 
December 22 100 0 100 0 





1A natural population of Aphytis chrysomphali was present 
throughout this grove before the colonization of Aphytis “A” 
in the west half. 
* For method of rating, see section on 
cad Laboratory Technique.’ 


“Sampling Procedure 


A laboratory count in late September 
showed that more than half the scales on 
the new fruit were already dead. A phytis 
adults were very common in this grove 
by late September. Cooler weather ap- 
peared to decrease the rate of scale de- 
velopment and reproduction, but parasite 
activity continued, until by the end of 
December the infestation within the en- 
tire colonization area was very low and 
that in the noncolonization area had been 
reduced to nearly commercially clean. 
The ability of Aphytis to continue satis- 
factory work will determine whether this 
grove attains a natural balance at a low 
population density of red scale. No colon- 
izations will be made in this grove after 
1949. 

The DDT-treated tree in this grove was 
located in the noncolonization area. The 
differential in scale build-up on this tree 
and the untreated trees did not become 
strikingly apparent here, as in some 
groves, until late in 1949. Since parasites 
were not colonized in this part of the 
grove, nearby check trees approximated 
the DDT-treated tree in scale population 
density until dispersal of Aphytis “A” 
into this area, combined with the natural 
build-up of A. chrysomphali, resulted in a 
considerable reduction in the scale popu- 
lation. By December 1949 the red scale 
population density on the DDT-treated 
tree, where parasites had been eliminated, 
was visibly higher than on the surround- 
ing, untreated trees. 

In the 1949 tests, when Aphytis “A” 
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was mass-colonized where natural popula- 
tions of A. chrysomphali were already 
present, the former became the dominant 
parasite, but there are indications that 
its dispersal was slower than that of A 
chrysomphali. Table 4 shows the relative 
percentages of A phytis species present in- 
side and outside the colonization block. 

Releases of A phytis “A” continued from 
April to August 15. The data in table 4 
show that by July Aphytis “A” was dom- 
inant inside the colonization block. 
chrysomphali had been virtually elim- 
inated by August but increased slightly 
in September and October as the result of 
dispersal from the noncolonization area, 
where chrysomphali built up in large num- 
bers on a heavy red scale population in 
September. Aphytis “A” competition 
proved too much for chrysomphali, how- 
ever, and by October 26 the latter had 
evidently been completely eliminated 
from the Aphytis “A” colonization area. 
This occurred despite the cessation of 
colonizations by August 15. 

Outside the colonization block aphytis 
chrysomphali increased in relative impor- 
tance from August to mid-September, until 
only 1 per cent Aphytis “A” was found. 
Apparently, conditions were ideal for 
chrysomphali to increase during this 
period, and little immigration of A phytis 
“A” occurred because of the low popula- 
tions then existing in the colonization 
area. Aphytis “A” slowly built up from 
this point in the noncolonization area, 
however, until by the end of the year it 
had nearly eliminated chrysomphali. Thus, 
by the end of 1949 Aphytis “A” had 
nearly eliminated chrysomphali from the 
entire grove. This did not occur in the 
Pascoe grove (Table 2), where chrysom- 
phali remained fairly abundant inside the 
colonization block and dominant outside. 
The reasons for this difference are not as 
yet known. 

The natural build-up of Aphytis 
chrysomphali in the Maag grove in 1949 
was not enough for this parasite, alone, to 
control scale commercially outside the 
Aphytis “A” release block. Neither was 
the dispersal of Aphytis “A” from the 
colonization block sufficient to bring 
about entirely satisfactory control out- 
side the release block. even though it ap- 
pears that Aphytis “A” should be cred- 
ited with most of the final scale reduction 
that occurred late in the year. Periodic 





796 


colonization of A. chrysomphali would 
have been needed in 1949 to maintain the 
level of control of red scale which this 
species was instrumental in accomplish- 
ing in 1948, and it is questionable whether 
the results would have been as good as 
those obtained from the colonization of 
A phytis ““A.” 

Cranford Grove, Arlington.—This 20- 
acre navel orange grove is a fine, highly 
productive grove of 30-year old trees, 
which are large, vigorous, and heavily 
foliaged. This grove is situated on the 
highest citrus land in Arlington Heights, 
near Riverside. Climatically, it is prob- 
ably one of the most favorable areas in 
California for the development of Cali- 
fornia red scale. This is evidenced by the 
fact that the grove was treated for red 
scale three times (two fumigations and one 
oil spray) in the twelve months previous 
to the beginning of our studies in 1949, 
and yet there were still groups of trees 
that were fairly well infested with live 
red scale. 

It was planned to use this grove for a 
comparison between Aphytis “A” and 
A. chrysomphali; hence two well-infested 
areas, one at each end of the grove, were 
selected for initial studies. Colonizations 
were begun March 14, 1948, and _ ter- 
minated May 18, 1948. During this period 
the live-scale population gradually de- 
creased until the proportion of live scale 
to dead scale was very small. Parasitiza- 
tion did not appear to be responsible for 
this trend, though a certain amount of 
parasite-caused mortality had occurred. 
These scale appeared to be dying as an 
after-effect of the freeze. The large num- 
ber of dead scale present during this 
period, as a result of previous treatment 
and the freeze, was adverse to successful 
parasitization. The decision to cease lib- 
erations, however, was based on the low 
density of live scale present in late May. 
No conclusions could be drawn concern- 
ing the relative effectiveness of A. chry- 
somphali and Aphytis “A.” 

During July the red scale population 
built up very rapidly in this grove, and 
colonization tests were resumed on July 
20 with releases of Aphytis “A.” It was 
later realized that the releases should 


never have been stopped, although suffi- 
cient stocks of A. chrysomphali were not 
available from the insectary to continue 
comparative tests. From July through 
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Table 5.—Effect, during the second half of 
1949, of colonizations of Aphytis ‘‘A” on control 
of the California red scale on citrus, as shown by 
comparison of relative populations of scale on a 
tree treated with DDT, which eliminated para- 
sites, and on an untreated tree that received full 
effect of colonizations—Cranford Grove, Arling- 
ton. 





AVERAGE SCALE Popu.a- 
TION RATING PER TREE! 


SAMPLING - : ee 
DDT-Treated Untreated 


Darter, 1949 





July 26° 51 2 
August 26 112 51 
September 26 359 78 
October 4 £46 3 
November 22 4 140 
December 16 148 

1 For method of rating, see section on “Sampling Procedure 


and Laboratory Technique. ey 5 4 
2 Date of initial count and of initial DDT treatment which 


followed. 
3 Dash indicates no count made. : 
4 This tree was sprayed for red scale control along with the 


rest of grove (except 12-tree colonization block); hence, no 


count was made on this date. 


December 1949, 144,250 Aphytis “A” 
were liberated within a 12-tree block, 
which the owner agreed to leave untreated 
until the end of 1950. These colonizations 
had the effect of nearly arresting the de- 
velopment of a red scale population 
which had a_ tremendous reproductive 
potential, 

The percentage of parasitization in this 
block did not develop as expected, nor as 
well as in other experimental groves. The 
trend was down slightly in early fall 
rather than up following colonizations in 
July, and it was up only a little in De- 
cember. This is unexplained as yet, but 
perhaps the scales were “‘overstung” as a 
result of excessive host-feeding or super- 
parasitism by the large numbers of para- 
sites liberated. Scale population density 
inside the colonization block was at a 
satisfactory level at the end of September 
but increased somewhat through No- 
vember and December. Three of the 12 
trees in this plot were not commercially 
clean by the end of December. Various 
areas in the grove outside the colonization 
block became quite heavily infested be- 
fore the grove was oil-sprayed. An idea of 
this build-up and of the degree of control 
exerted by the parasites is indicated by a 
comparison of relative red scale popula- 
tions on the DDT-treated tree and on an 
untreated tree within the colonization 
block. Average monthly scale ratings per 
tree are shown in table 5. 



































December 1950 


The rate of increase of the red scale on 
the DDT-treated tree was very rapid. 
This is indicative of what occurred 
throughout the grove on individual trees 
or small groups of trees outside the colon- 
ization block. For this reason, the entire 
grove outside the colonization block was 
oil-sprayed on October 4, 1949. From the 
results obtained in this experimental 
block, it appears that A phytis coloniza- 
tions beginning in July may not be ade- 
quate for satisfactory biological control 
within the remainder of the year. 

Bothin Grove, Santa Barbara.—This 
l-acre block of lemons, which is part of a 
large estate, is irrigated regularly but not 
picked or cultivated. It has received spo- 
radic treatments for red scale, which were, 
in general, so ineffective that the grove 
may be classed as untreated. Studies be- 
gan here in May, 1948, and it soon became 
evident that, in the absence of ants, indi- 
vidual trees were under satisfactory 
natural control from Aphytis chrysom- 
phali. The principal studies since that 
time have concerned the effect of Argen- 
tine ants on populations of Aphytis and 
California red scale. 

In order to ascertain how Aphytis “A” 
would compete with A. chrysomphalt, 
small monthly colonizations of Aphytis 
“A” were made on three trees adjacent to 
those in the regular ant-test plot. A total 
of 5500 adult females of Aphytis “A” 
were released during May, June, and 
July, 1949. On August 5 the parasite 
population on the three trees that had 
received direct colonizations was 95 per 
cent Aphytis “A,” whereas the parasite 
population on the ant-free trees in the ant 
test (within three tree rows) was 50 per 
cent A. chrysomphali. 

Coincident with the summer hatch, 
there was a biological tendency for scale 
to increase in this grove. Accordingly, on 
August 11, each tree in this test, both 
ant-infested and ant-free, received 500 
adult females of A phytis “A.” By October 
the scale population on the ant-free trees 
had been reduced to a very low point, or 
to less than half the August population. 
At this time the parasite population on 
the ant-free trees was 59 per cent A phytis 
“A.” Apparently the colonization of 500 
adult females of Aphytis “A” per tree in 
August did not greatly change, by Oc- 
tober, the nearly equal proportions of 
Aphytis “A” and chrysomphali observed 
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Table 6.—Combined effect of Aphytis ‘‘A” 
and A. chrysomphali on control of the California 
red scale on lemon trees, as shown by relative 
populations of scale on ant-free trees, ant-in- 
fested trees (parasite activity inhibited), and on 
DDT-treated trees (parasite activity virtually 
eliminated)—Bothin Grove, Santa Barbara. 








AVERAGE SCALE PopuLATION 
RATING PER TREE! 


DDtT- 





SAMPLING Ant- Ant- 
Date Free? Infested Treated? 

1949 

February 6 19 — 

July 6 25 17 

October 5 62 180 
1950 

January 6 3 65 $25 





1 Modified scale population rating, based on samples of 24 
twigs per tree. 

2 Ants eliminated July 1948. 

3’ DDT first applied February 10, 1949. 


in August. The combined effect of the two 
parasites on red scale populations is ap- 
parent from the comparisons in table 6. 

The red scale on the ant-free trees was 
under excellent biological control early in 
1949, and by the last of December it was 
extremely difficult to find live scale on 
these trees. Scale infestation on the ant- 
infested trees increased slowly throughout 
the year, and by late fall these trees were 
not quite commercially clean. On the 
DDT-treated tree scale infestation in- 
creased slowly until July, then more rap- 
idly, until by January 1950 this tree was 
heavily infested and becoming severely 
damaged. 

The injurious effect of ants is commonly 
observed wherever ants are associated im 
abundance with untreated red scale in- 
festations. Its importance under condi- 
tions of natural control or periodic colon- 
izations should not be underestimated. 
The effect, of course, is masked in groves 
receiving regular insecticidal treatments 
for red scale control. 

Sullivan Grove, Santa Barbara.—The 
results obtained in the Sullivan lemon 
grove nearly duplicate those in the Bothin 
grove. Suffice it to say that in the former 
grove, in the absence of ants, good bio- 
logical control of the California red scale 
has been obtained from a natural build-up 
of Aphytis chrysomphali combined with 
the effects of several small monthly colon- 
izations of A phytis “A.” Wherever Argen- 
tine ants are present on trees in this grove 
because of infestations of mealybug or 
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soft brown scale, biological control of the 
red scale is rendered ineffective, and more 
or less severe infestations of red scale 
develop. 

National Orange Company Grove, High- 
grove.—Studies and periodic colonizations 
began August 23, 1949. in this 2 acres of 
Valencia oranges and 3 acre of grapefruit. 
This grove is a part of a large commercial 
acreage and is well cared for by typical 
noncultivation culture. The last oil-spray 
treatment was applied on September 15, 
1948. This block is in a chronic red scale 
area. The high scale population density 
present in August 1949, within one year 
after treatment, is adequate proof of this. 

By the end of December 1949, a total 
of 327,750 female parasites (about four- 
fifths Aphytis “A” and one-fifth A. chry- 
somphali) had been liberated throughout 
the 2.5-acre grove. Nearly every tree was 
inoculated with a few parasites, but about 
half the total parasites released were 
placed in a centrally located 11-tree colon- 
ization plot. 

Conclusions concerning red scale con- 
trol as a result of the colonizations up to 
the end of 1949 would be premature. The 
red scale infestation was heavy and in- 
creasing very rapidly at the time studies 
commenced. The parasites were well es- 
tablished and causing considerable scale 
mortality by October, but it remains to 
be seen whether or not they can overtake, 
during 1950, a red scale population hav- 
ing such a tremendous reproductive po- 
tential. Scale density in December 1949 
was still very high on certain trees in this 
grove, although relatively low on many 
other trees. In the central colonization 
area the scale infestation was under fairly 
satisfactory biological control. The effect 
of parasite colonizations during the first 
four months is shown in table 7, by com- 
parison of relative red scale populations 
on a DDT-treated tree and an untreated 
tree. It is evident that a tremendous 
amount of scale mortality must be cred- 
ited to the parasite. 

COMPARATIVE EFFECTIVENESS OF 
Aphytis “A” ANd A. chrysomphali.—No 
extensive tests on the relative effective- 
ness of Aphytis “A”? and A. chrysomphali 


in the biological control of California red 
scale were conducted in 1949. Laboratory 
results obtained thus far by Bartlett and 
Fisher (unpublished) have indicated that 
chrysomphali is more susceptible to 
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Table 7.—Effect of four months’ colonization 
of Aphytis ‘‘A’’ and A. chrysomphali on control of 
California red scale on citrus, as shown by a com- 
parison of relative populations of scale on a tree 
treated with DDT which eliminated parasites, 
and on an untreated tree that received full effect 
of colonizations—National Orange Company 
Grove, Highgrove. 








AVERAGE SCALE PoPpULATION 
R. ATING PER TREE! 


SAMPLING —- — 
Date DDT- , Preated ‘Untreated 
1949 
August 24? 79 59 
September 19 355 184 
November 2 665 62 
November 22 2250 62 
1950 
January 10 6485 126 





1 For method of rating, see section on “Sampling Procedure 


and Laboratory Technique.’ 
2 Date of initial count and of initial DDT treatment which 


followed. 


adverse effects from low humidity than 
Aphytis “A.” Other factors seem to indi- 
rate that Aphytis “A” is easier to propa- 
gate in the insectary. Rearing under iden- 
tical conditions has not been carried out, 
however. 

In the field, ners between 

Aphytis chrysomphali and Aphytis “A” 
are based on observational evidence ex- 
cept in the Biological Control grove. Ob- 
servations in the one other grove (Pas- 
coe’s) in which chrysomphali was colon- 
ized experimentally, indicated that this 
parasite was more effective than “A,” 
which was colonized on a somewhat 
smaller scale in a different part of the 
grove. A. chrysomphali appeared to dis- 
perse into the “A” colonization area and 
compete rather successfully, but Aphytis 
“A” did not disperse in appreciable num- 
bers more than a few rows from the colon- 
ization block. In the groves where . re ytis 
“A” was colonized periodically, “A” be- 
‘ame dominant in the release areas and, 
in general, brought about satisfactory re- 
sults. In the Maag grove Aphytis “A” 
appeared to have virtually eliminated 
chrysomphali by the end of 1949. 

The only comparative tests of these 
two forms of Aphytis were conducted in 
the Biological Control grove on the 
grounds of the Citrus Experiment Station 
at Riverside. These tests involved weekly 
colonizations of equal numbers of female 
Aphytis “A” and A. chrysomphali on 
paired trees of four varieties of citrus. 
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Aphytis ““A’’ performed much more ef- 
ficiently than did chrysomphali for the 
duration of the tests. The possibility of a 
differential rate of dispersal of chrysom- 
phali over “A” was not measured by 
these tests and remains a possible influ- 
ence, inasmuch as a similar type of com- 
parison in this grove, in which caged 
trees were used and dispersal thereby 
eliminated, showed little difference in the 
effectiveness of “A” and chrysomphalt. 

There are indications that A phytis “A” 
may be more susceptible to low temper- 
atures than A. chrysomphali. Aphytis “A” 
was established in twelve citrus groves by 
November 1948. A. chrysomphali was 
present in most of these groves. The un- 
usually low winter temperatures expe- 
rienced in southern California in January 
1949 tested these new parasites severely. 
They did not escape unscathed. Live ma- 
terial was recovered in only four of the 
twelve release groves in March 1949. Evi- 
dence of their presence in the other release 
groves was found in the form of either 
dead pupae or cast pupal skins. Since the 
sample was small, it is probable that some 
of the parasites survived in most release 
groves. A mortality count in March 1949 
showed that only 18.6 per cent of A phytis 
“A” pupae were alive, as compared with 
35.4 per cent of A. chrysomphali pupae. 

All in all, it appears that these two 
forms of Aphytis may have certain differ- 
ences which favor one form in one local- 
ity, or under certain conditions, and the 
other form under a different set of cireum- 
stances. Adequate comparative tests are 
planned for the future. 

TiminG or CoLonizations. ~The term 
“periodic colonization” is used to signify 
the mass release of optimum numbers of 
parasites at definite intervals for the 
purpose of biological control. If we are to 
colonize parasites intelligently in a pro- 
gram of this sort, the most favorable time 
for liberation and the optimum numbers 
of parasites for colonization in any given 
scale population must be known. Pur- 
posely, little heed was taken of these pre- 
cepts in 1949. The aim of the 1949 pro- 
gram was to obtain control, if possible, by 
employing what was thought to be an 
abundance of parasites, colonized at inter- 
vals of at least every other week. 

Mass production, then in the experi- 
mental stage in the insectary, did not 
permit the carrying out of this program as 
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planned. In nearly every periodic colon- 
ization test grove, there were intervals, 
more or less extended, during which there 
were few or no Aphytis to colonize. This 
was not entirely disadvantageous, for en- 
couraging results were obtained in most 
test plots. Where results were unsatis- 
factory, the failure may be traced to a 
lack of parasites for colonization during a 
certain period. Where results were satis- 
factory, despite a period of noncoloniza- 
tion, it was learned that releases may be 
unnecessary during that period. 

Unsatisfactory results due to a lack of 
parasite colonizations were experienced 
in the Cranford navel orange grove, which 
received Aphytis “A” colonizations from 
March 14 to May 18. Red scale popula- 
tions were then very low and it was as- 
sumed that additional parasites were un- 
necessary. No colonizations were made 
between May 23 and July 20. During the 
latter part of this period the scale popula- 
tion suddenly increased to the point of 
economic damage. Mass colonizations of 
A phytis from July 20 to the end of Decem- 
ber barely succeeded in keeping the scale 
within economic bounds. It is obvious 
that adequate colonizations should have 
been made in June and July. 

Examples of the opposite type, in 
which the results were satisfactory even 
though no colonizations were made for a 
considerable interval, were obtained from 
nearly all test groves. Practically no col- 
onizations of Aphytis were made during 
the first quarter of 1949 because insectary 
production was just getting under way. 
In spite of this, colonizations from April 
on were sufficient to control the scale in 
most instances. Obviously, mass releases 
were not essential in January, February, 
or March of 1949 to obtain biological 
control during the same year. It may be, 
however, that initial colonizations in 
February or March, following the last 
killing frost, will constitute the important 
ones. 

In general, it appears that the more uni- 
form in development the scale genera- 
tions are, the more necessity there is for 
periodic colonization of parasites. This is 
because the gravid females and the first 
developmental stages of scale are not 
susceptible to parasitism. With even 
generations of scale, then, there is a period 
when parasite populations are depressed. 
The closest approach to this state prob- 
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ably comes during the spring brood, when 
a large proportion of the scales are either 
gravid females or first stages. 

The population density of red scale 
before parasite colonizations, and the 
number of scale generations per year, will 
influence the numbers of parasites that 
must be liberated, initially and perhaps 
more or less indefinitely, if a natural bal- 
ance is not obtained. Since the period be- 
tween June 1 and October 30 represents 
that of greatest scale increase, plenty of 
parasites should be available for release 
during this time. This will be especially 
necessary during the first year after in- 
secticidal treatment is stopped, and more 
so if unfavorable environmental factors 
affect the parasites in the field during this 
period. 

The need for colonization of parasites is 
indicated by trends in scale’ density, 
percentage of parasitization, percentage 
of dead and stung scale, and the propor- 
tion of scale in stages suitable for para- 
sitism or, vice versa, in stages unsuitable 
for parasitism (adult-female and_first- 
stage scales). Data concerning these 
factors are accumulated from the field 
approximately biweekly, and a progress 
chart is maintained. Figure 5 is a graphic 
presentation of such counts from the 
Martin grove, Bernardino, where 
Aphytis “A” has been colonized period- 
ically. Similar charts are available for all 
periodic colonization plots. 

Parasitization (Fig. 5) reached a peak 
about July 28 as a result of earlier mass 
colonizations of Aphytis “A,” which were 
terminated July 5. This parasitization 
and the accompanying parasite-caused 
mortality (dead plus stung scale) resulted 
in a considerable decrease in scale popula- 
tion density by August 12. A_ scale 
“hatch” was occurring throughout Au- 
gust, however, as indicated by the rise in 
percentage of live scale in first stages, and 
this greatly reduced the proportion of 
scale suitable for parasitism. Parasitiza- 
tion decreased as the proportion of first- 
stage scale increased. The net result was 
an increase in scale population density 
from August 12 to September 9. By late 
August the “hatch” was about over, and 
the first-stage scale had developed into 
second stages or older. This is indicated 
by a drop in the percentage of live scale 
in first stages. The net result was an in- 
crease in the proportion, as well as num- 
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ber, of scale suitable for parasitism during 
September, October, and early November, 
and a corresponding increase in parasitiza- 
tion from September to mid-November. 
This increase in parasitization meant more 
adult parasites, which meant a greater 
percentage of “dead plus stung’’ scale 
and a smaller percentage of normal scale. 

The “dead plus stung” scale category 
(Fig. 5) reflects the host-feeding and 
mutilation activities of the adult parasite 
population. The total effect was a sharp 
decline in scale density after August. An- 
other hatch of scale which started in 
November peaked about December 1. 
This again brought about a preponder- 
ance of scale unsuitable for parasitism, 








and a subsequent decrease in parasitiza- 
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Fic. 5.—Periodic counts of red scale density, per 
cent live scale, per cent dead and stung scale, per 


cent parasitized scale and per cent live scale in 
first stages on immature grapefruit, July 1949 to 
January 1950, in the Martin Grove, San Bernardino, 
where Aphytis “A” was colonized periodically. 


tion during late November and December. 
It is probable that parasitization will 
show an uptrend from January 1 to early 
June 1950, when the peak spring hatch 
will again result in the decreasing phase of 
the parasitization cycle. 

All these changes took place without 
any liberations of Aphytis “A” being 
made after July 5, 1949. Had plenty of 
parasites been available for colonization, 
liberations would have followed — the 
August 28 count. This might have speeded 
the increase in parasitization that was 
subsequently obtained by natural build- 
up, and reduced the November-December 
scale hatch somewhat. As it was, the para- 
sites progressed well enough to make 
further releases of questionable value. It 
is possible, however, that colonizations 
will be desirable early in 1950 if parasitiza- 
tion trends are not increasing satisfacto- 
rily by February 1. 
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Although data of the complete type 
discussed above were not accumulated 
before July 1949, previous field data have 
been analyzed for the purpose of discover- 
ing the relation between periodicity of 
scale hatches and percentage of parasitiza- 
tion in 1949. If a diagrammatic, general- 
ized graph representing all the experi- 
mental plots of 1949 were drawn to show 
the percentage of parasitization and per- 
centage of total live scale in first stages at 
successive intervals, the following trends 
would be evident: (a) peaks in percentage 
of total live scale in first stages in early 
June, late August, and early December, 
these peaks representing so-called hatches; 
(b) corresponding troughs in February, 
mid-July, and October; (c) peaks in per- 
centage parasitization in May, early 
August, and mid-November, with lows in 
January, late June, and mid-September; 
(d) lows in parasitization following shortly 
after peak scale hatches; (e) parasitiza- 
tion then increasing as the proportion of 
scale suitable to parasitism increased. 

It therefore appears logical to stress 
colonization of parasites immediately fol- 
lowing these correlated host-parasite pop- 
ulation phenomena which result in para- 
site lows. Optimum colonization periods 
would, accordingly, be February 15 to 
April 15 (after last killing frost), June 15 
to July 15, and August 15 to October 15. 
It will be interesting to see if field tests in 
1950 bear this out. 

Discussion.—-Periodic mass coloniza- 
tions of Aphytis “A” and A. chrysomphali 
in California red-scale-infested — citrus 
groves in 1949 demonstrated that it is 
possible to obtain biological control of the 
scale in this manner. 

The question at once arises as to wheth- 
er the method is practicable—that. is, 
can the growers afford to use it? The an- 
swer to this depends upon two factors: 
(1) the cost of parasite production in the 
insectary, plus the cost of colonization; 
and (2) the numbers of parasites which 
must be colonized per year. 

The economics of producing Aphytis 
adults in the insectary is still in the ex- 
perimental stage, but according to S. E. 
Flanders it should ultimately be possible 
to produce adult A phytis “A” and A phytis 
chrysomphali for less than $40 per hundred 
thousand. As stated previously, in the 
present studies generally more than 100,- 
000 parasites were colonized per acre, but 
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the colonizations were made without 
regard to optimum timing or numbers. It 
is probable that colonizations of 100,000 
parasites per acre per year during opti- 
mum release periods will suffice, except 
perhaps in very heavily infested groves. 
General indications are that for maximum 
efficiency total yearly colonizations may 
be divided and concentrated into three 
periods, the spring (February 15 to April 
15), summer (June 15 to July 15), and fall 
(August 15 to October 15). 

Assuming for purposes of discussion 
that 100,000 parasites per acre-year will 
give biological control the first year after 
insecticidal treatment is stopped, and 
that these parasites will cost $50 to pro- 
duce and colonize, then the cost of bio- 
logical control will approximate that of 
insecticidal control the first year. After 
the parasites are generally established in 
a grove, it is certain that the numbers of 
parasites necessary for colonization will be 
greatly reduced, and it is possible that in 
many orchards a satisfactory natural bal- 
ance will be established, which will largely 
eliminate the need for additional colon- 
izations. The average cost per year for 
biological control of the California red 
scale could therefore be considerably less 
than for insecticidal control. 

SumMaAryY.—Periodic colonizations of 
Aphytis chrysomphali and Aphytis “A” 
in 1949 resulted in a satisfactory degree 
of commercial control of the California 
red scale in several test orchards. This is 
the first instance of satisfactory control of 
the California red scale by man by other 
methods than the use of insecticides. 
Optimum numbers of parasites and times 
for colonization remain to be ascertained. 

There are indications that Aphytis 
“A”? may be superior to A. chrysomphali in 
the field under certain environmental con- 
ditions, whereas A. chrysomphali may be 
superior under others. 

Effectiveness of the parasites was 
measured by several experimental tech- 
niques, each of which supplemented and 
corroborated the others. These techniques 
involved a direct comparison between the 
development of California red scale popu- 
lations on trees from which Aphytis was 
excluded or eliminated, and on trees re- 
ceiving the full effect of the parasites. 

The presence of Argentine ants and 
certain other ant species is detrimental 
to the biological control of the California 
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red scale because of the adverse effect 
of the ants on the natural enemies of the 
scale. 
a ; etal : 
Trends in parasitization, scale density, 
developmental stages of scale, and propor- 
tion of dead and stung scale are used to 
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indicate need for parasite colonizations. 
Indications are that periodic coloniza- 
tions may be most efficacious during the 

; : : y 
periods extending from February 15 to 
April 15, June 15 to July 15, and August 
15 to October 15. 
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Laboratory Propagation of Aphytis chrysomphali for 
Release to Control California Red Scale 


Buarr R. Bartierr and T, W. Fisuer, University of California 
Citrus Experiment Station, Riverside 


Coincident with the disclosure by De- 
Bach et al. (1948) that the aphelinid para- 
site Aphytis chrysomphali (Mercet) was 
capable of regulating the density of field 
populations of Aonidiella aurantii (Mask.) 
on citrus, a program was undertaken by 
the Division of Biological Control of the 
University of California Citrus Experi- 
ment Station at Riverside to investigate 
the reproductive responses of this para- 
site, with a view toward developing meth- 
ods of insectary production for field col- 
onization. 

Lire History or THE PaRAsiITtE.— 
General features of the life history and 
developmental stages of Aphytis chrysom- 
phali were reported by Quayle (1910) 
under the name Aphelinus diaspidis 
Howard, and by Taylor (1935), but no 
examination was made of detailed envi- 
ronmental and reproductive responses of 
the species. A. chrysomphali was probably 
introduced accidentally into the United 
States along with California red_ scale. 
In California it is a uniparental species 
reproducing parthenogenetically on the 
California red scale as an external para- 
site. It attacks second- and third-instar 
females, and second-stage, prepupal, and 
pupal males of red scale. Under insectary 
conditions of 80° F. and 50 per cent rela- 


tive humidity, the eggs, which are de- 
posited on the outside of the scale body 
after puncture of the wax covering, hatch 
in 4+1 days. The larval stages consume 
6+1 days, and the prepupal and pupal 
stages are completed in 5+1 days. The 
adults emerge as yellow, thinly chitinized 
insects measuring 0.5 to 1.0 mm. in length. 
They leave behind, under the scale cover- 
ing, a colorless pupal exuvia and 4 to 12 
brown meconial bodies voided prior to 
the prepupal transformation. Generally 
no emergence holes are made, the imago 
issuing from under the edge of the scale 
covering. 

OviposiTioNAL ATTACK ON THE RED 
ScaLe.—Recorded attack by Aphytis 
chrysomphali on different stages of red 
scale, reared on grapefruit and exposed in 
groups at 77°'to 83° F. and 40 to 50 per 
cent relative humidity, is shown graphi- 
cally in figure 1. During molt periods, when 
the scale covering is affixed to the scale 
body, the red scale is not subject to at- 
tack by this parasite. 

Ovipositional responses of A phytis chry- 
somphali were studied by confining single, 
recently emerged adults over California 
red scale, with daily transfers to fresh 


1 Paper No. 653, University of California Citrus Experiment 
Station, Riverside, California. 
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scale. Cages consisted of clear plastic 
cylinders, 1 inch in diameter and 1.5 
inches tall, covered with organdie and 
affixed to the plant host by rubber bands. 
Mature grapefruit, White Rose potatoes, 
and Valencia orange leaves were equally re- 
presented as plant hosts for the mixed-age 
red scale. Thin stripes of honey on the 
plastic tubes provided food for the adult 
parasites. ‘Twenty-four individuals were 
observed through daily changes to fresh 
host material until death or loss of the 
individual. The average number of eggs 
deposited daily by each individual para- 
site is recorded in table 1. Since half of the 
individuals died or were lost by the end 
of the sixth day, the later averages fluctu- 
ate because of the small number of test 
insects. Detailed data used to form table 
1 show, however, that one individual lived 
for 18 days despite daily handling proce- 
dures, and during that period laid 44 vi- 
able eggs. It was not uncommon for one 
parasite to lay 6 or even 7 eggs per day, 
and all except one laid at least some eggs. 
Production of eggs appears to be more or 
less continuous throughout the active life 
of the parasite. As many as 4 eggs were 
laid by some individuals the first .day of 
adult life. The preovipositional period of 
the majority of individuals was indicated 
as being less than 24 hours. 

Errect oF Ligut INrenstry.—-Before 
conducting systematic tests on oviposition 
by Aphytis chrysomphali, it was necessary 
to determine whether or not ovipositional 
response would vary with the light in- 
tensity to which the adult egg-laying 
parasites were subjected. For this test, 
17- to 18-day-old second-instar male red 
scale cultured on citron melons Citrullus 
sp., were exposed, in battery jars, to 100 
Aphytis for 24 hours at 80° F. and 50 per 
cent relative humidity. One jar was ex- 
posed to constant incandescent light, 
Average age 


Average age at first molt 
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Table 1.—Average number of eggs deposited 
by newly emerged adults of Aphytis chrysom- 
phali on successive days of their life span, when 
confined individually over red scale aged 15 to 29 
days, at 80° F. and 60 per cent relative humidity. 








AVERAGE NUMBER 


Day oF or EaeGs 
OVIPOSITING NUMBER OF DEPOSITED 
PreRrIop PARASITES PER PARASITE 
] 24 1.5 
2 Q4 ey 
3 24 2.3 
4 20 2.5 
5 16 1.6 
6 12 1.0 
7 10 i.e 
8 8 1.0 
9 + 2.0 
10 2 0.5 
11 2 2.5 
12 1 0 
13 1 2.0 
14 1 3.0 
15 1 2.0 
16 1 0 
17 1 0 
18 1 0 





one was covered with black muslin cloth 
to give semidarkness, and the third jar 
was exposed to normal daylight and dark- 
ness during the oviposition period. No 
significant differences were shown in re- 
production in any of the battery jars. 
Ovipositional response was thus demon- 
strated to be unaffected by light intensity 
within the limits encountered in the test. 

Errect OF TEMPERATURE AND HumMip- 
iry.—-It was evident early in these studies 
that temperature and humidity, espe- 
cially, were extremely important con- 
siderations because of the thin cuticular 
structure of this parasite. Relative humid- 
ity below 20 per cent in insectary rooms 
has, within a few hours, nearly eliminated 
the stock, particularly when associated 
with relatively high temperatures. 

Tests were designed to determine 


at second molt 


Attack on 3d-instar female red scale 


Attack on male red scale 





Attack on 2d-instar female red scale 
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Fig. 1.—Period of attack (oviposition) by the parasite Aphytis chrysomphali (Mercet) on male and 
female California red scale, according to chronological age of the scale when reared on grapefruit at 
80° F. and 50 per cent relative humidity. 
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Table 2.—Comparative numbers of eggs deposited by 200 adult parasites confined for 24 hours in 
the same cage with four red-scale-infested plant hosts, at various temperatures and relative humidi- 


ties. 





NuMBER OF Ecos DEposITED AT— 





30 Per Cent Relative Humidity 


60 Per Cent Relative Humidity 





70° F. 


PLAnt Host Usep 


FOR Rep SCALE 80° F. 





Citron melons 8 65 
Grapefruit 24 13 
Oranges 0 18 
Potato tubers 0 3 


Total 32 99 


90° F. 


90° F. 70° F. 80° F. 





19 17 59 64 
28 29 30 
11 21 11 

0 2 0 


105 


111 


58 





optimum conditions of temperature and 
humidity for oviposition by this parasite. 
Temperature cabinets were set up at 
70°, 80°, and 90° F., and 60 per cent rela- 
tive humidity. In each cabinet an organ- 
die-covered battery jar was used to con- 
fine 100 freshly emerged parasites over 
red-scale-infested grapefruit, potato tu- 
bers, Valencia oranges, and Citrullus 
melons for 24 hours. In each cabinet a 
similarly stocked battery jar having a 
glass cover was set up and maintained at 
30 per cent relative humidity by a sat- 
urated solution of CaCl.. The combined 
results of two such ovipositional tests are 
presented in table 2. In these tests there 
were unequal areas and quantities of scale 
on the various plant hosts; therefore, data 
were considered only from the standpoint 
of temperature and humidity, although, 
as is pointed out later, some significance 
may be attached to the respective plant 
hosts themselves. It is apparent from the 
data in table 2 that a temperature of 80° 
F. is near optimum for oviposition stimu- 
lus, that 70° F. results in retardation of 
egg-laying, and that 90° F. is suitable if 
the humidity remains high. 

In a following test in the same jars, un- 
der the same conditions, adult longevity 
tests were conducted by confining newly 
emerged adults in test tubes covered with 
organdie cloth. Stripes of honey on the 
test-tube walls supplied a constant source 
of food. Daily counts of living and dead 
were made, and the period required for 
50 per cent mortality was determined. 
Results are presented in table 3. Appar- 
ently, the higher temperatures and lower 
humidities both were responsible for very 
drastic reductions in life span of the adult 
parasite. 

In another series of tests red-scale-in- 


fested shaddock fruits, Citrus grandis, 
were exposed to Aphytis for oviposition 
at 80° F. and 60 per cent relative humid- 
ity, and were subsequently held for para- 
site development and emergence at 80° 
F., and at 50, 60, and 95 per cent relative 
humidity. No detrimental effects on the 
immature larval stages of the developing 
parasites were demonstrated by subjec- 
tion to these relative humidities. 

From the preceding tests it is evident 
that the most suitable conditions for prop- 
agation of Aphytis are near 80° F., with 
a relative humidity as high as is consistent 
with host-plant maintenance and para- 
site feeding methods. This was considered 
to be near the 60 per cent point under 
circumstances finally determined to be 
most advantageous for propagation. 

ScALE-STAGE AND Host-PLAnT PReEF- 
ERENCES OF THE ParasitE.—In exam- 
ining the possibilities of utilizing red scale 
reared upon potatoes as host plants, it was 
desirable to determine the developmental 
stage of red scale which could be used 
most advantageously for oviposition and 
emergence of the parasite. A test was 
designed whereby the parasite was given 
an equal choice between scale in the fol- 
lowing developmental conditions: (1) 
male scale entering the prepupal stage, 
(2) female scale in the early third instar, 

Table 3.—Elapsed period required for 50 per 


cent mortality of adult parasites at various tem- 
peratures and humidities. 








NuMBER oF Days at— 


30 Per Cent Relative 
Humidity 





60 Per Cent Relative 
Humidity 


70°F. 80°F. 90°F. 


70°F. 80°F. 90°F. 





5.5 3.5 
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and (3) all parasite-susceptible stages of 
male and female scale. Eighteen infested 
potato tubers representing each of the 
above three conditions of developing scale 
were arranged in a series of Latin-square 
designs and exposed to adult Aphytis for 
48 hours in an insectary oviposition room. 
Succeeding parasite emergence data 
showed that 43.3 per cent of the total ovi- 
position took place in the prepupal male 
scale, 25.7 per cent in the female scale, 
and 31.0 per cent in the mixed-stage scale. 
Results thus indicate the preference of 
the ovipositing adult parasites for the pre- 
pupal male-scale host when equal choice 
is given. 

Using male-scale hosts that were enter- 
ing the prepupal stage, a series of tests 
was set up to determine the most prac- 
tical period for exposure to Aphytis, from 
the standpoint of minimum waste of host 
material and maximum turnover in in- 
sectary propagation. The test was de- 
signed on the basis of exposure to a con- 
stantly equal number of Aphytis in in- 
sectary oviposition rooms for 1, 2, 4, and 
8 days. The male-scale-infested potato 
tubers, after exposure to Aphytis, were 
removed from a randomized test group 
at the prescribed intervals over an 8-day 
period and replaced immediately with 
fresh tubers infested with male scale en- 
tering the prepupal stage. Four tubers 
were used in each daily change; thus, over 
the 8-day period the 1-day exposure ma- 
terial was represented by 32 potatoes, 
the 2-day by 16, the 4-day by 8, and the 
8-day by 4 potatoes. Total parasites pro- 
duced were as follows: 947 on the 32 scale 
infested potatoes exposed for 1 day each, 
1007 on the 16 potatoes exposed for 2 
days each, 1555 on the 8 potatoes exposed 
for 4 days each, and 1285 on the 4 pota- 
toes exposed for 8 days each. From these 
results, 5 to 6 days was determined as the 
most practical parasite exposure period 
for optimum utilization of male red scale 
on potatoes. 

Of the known insectary host plants for 
the culture of Claifornia red scale, citron 
melons and banana squash are unsuitable 
for use at relative humidities in excess of 
40 per cent. Grapefruit of suitable ma- 
turity is available for a period of only 8 
to 9 months of the year in California. 
Therefore, it was assumed that potato 
tubers would offer the most advantageous 
plant material for rearing red scale for 
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use in insectary production of Aphytis. 
Further tests, however, gave evidence of 
the unsuitability of potato tubers for 
such use. In these tests of host-plant and 
scale-stage preferences by Aphytis, equal 
choice was given to the parasite for ovi- 
position on grapefruit and potato tubers 
infested with female and male red scale. 
Equal areas of plant host were exposed. 
Results indicated that 78.7 per cent of the 
eggs laid were deposited in the scale on 
grapefruit, and that of these eggs 55.4 
per cent were placed on the third-instar 
female scale. On the red-scale-infested 
potatoes, only 7.3 per cent of the eggs 
were deposited in the third-instar female 
scale. Further examination of the individ- 
ual scales revealed that ovipositional 
preference for third-instar female scale 
was directly associated with the condition 
of the soft wax margin of the scale cover- 
ing during the third instar. This margin is 
very soft and pronounced on citron mel- 
ons, less so on grapefruit, and on potatoes 
it tends to be somewhat covered by the 
tuber cuticle. 

One of the main difficulties encountered 
in the insectary program was the limited 
length of life of the adult parasites pro- 
duced. Attempts to increase the life span 
of the adults by feeding them in other 
ways than by striping honey on glass sur- 
faces were unsuccessful. These trials in- 
cluded the use of raisins, molasses, and 
various combinations of honey and agar 
or gelatin. It was thought possible that 
the type of plant host used for the scale 
might influence the vigor of the adult 
parasite. Comparison of the length of 
life of adult parasites emerging from third- 
instar female scales reared on grapefruit, 
with that of parasites emerging from male 
scales reared on potatoes, showed 50 per 
cent mortality in a period of 8 to 9 days 
for the former, and in a period of only 3 
to 4 days for the latter. These results 
combined with those of the earlier tests 
on parasite preference indicate that grape- 
fruit, when obtainable, is the more desir- 
able insectary host plant for red scale in 
the propagation of A phytis chrysomphali. 

The search for another, more satis- 
factory red-scale bast plants for the cul- 
ture of Aphytis is being continued. Eng- 
lish ivy (Hedera helix Linn.) offers par- 
ticular promise. A phytis has been success- 
fully reared on the cut leaves of this plant, 
which are held in a living state, after 
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infestation with red scale and exposure to 
parasite attack, by immersion of the leaf 
petioles in jars of water. Preliminary com- 
parative tests of Aphytis oviposition in 
female red seale on ivy and on grapefruit 
have indicated nearly equal results from 
both host plants. 

INSECTARY PROPAGATION PROCEDURE. 

The following insectary procedure, 
based on the information gained from the 
above studies, has been shown to be 
moderately successful in production of 
adult Aphytis for field release. Founda- 
tion stocks of red scale are reared on 
potato tubers according to methods of 
Flanders (1948). Trays of mature grape- 
fruit are infested from the foundation 
stock either by permitting the developing 
young to drop onto the grapefruit be- 
neath or by blowing them from the foun- 
dation stock and permitting them to fall 
upon the grapefruit below, as described 
by Flanders (1948). When the infested 
grapefruits show 10 per cent prepupal 
males, they are exposed in an insectary 
room stocked with Aphytis, for a period 
of 5 to 6 days to utilize the male scale, 
plus an additional 8 to 9 days to permit 
oviposition in the female scale. They are 
then transferred to emergence units, each 
of which consists of a darkened box hav- 
ing a plastic funnel securely fastened over 
an opening at one end, as shown in figure 
2. A collecting tube is attached to the pro- 
jecting open end of the funnel. Eighty- 
five to ninety-five per cent of the emerging 
parasites follow the light gradient and are 
trapped in the honey-striped collecting 
tubes for liberation or return to the ovi- 
position room. Infested trays of potatoes 
are handled in the same fashion, except 
that exposure is for only 5 to 6 days, since 
female third-instar scale are not used as 
in the tests with grapefruit. By this pro- 
cedure 15,000 to 18,000 A phytis per week 
have been reared from scale on four trays 
of grapefruit (60 fruits per tray), utiliz- 
ing one tray of potatoes (120 egg-size 
tubers per tray) for rearing of parasite 
foundation stock. 
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Fig. 2.—Battery of parasite emergence units set up 
for automatic collection of emerging Aphytis 
chrysomphali. The parasites, reared on California 
red scale infesting grapefruit or potatoes, escape 
from the box or emergence unit through a hole 
covered by a plastic funnel. Note the collecting 
tubes attached to the projecting open end of each 


funnel. 
SumMARY.—A phytis chrysom phali 
(Mercet) attacks California red scale 


during the second and third female in- 
stars, and during second-instar, prepupal, 
and pupal male stages. Preovipositional 
periods of the parasite were less than 24 
hours. Oviposition was not retarded by 
semidarkness. At temperatures above 70° 
F., relative humidities below 20 per cent 
were fatal to adult parasites within a few 
hours. A relative humidity of about 60 
per cent was determined as optimum for 
insectary rearing. Optimum temperature 
for culture was 80° F., with higher tem- 
peratures rapidly decreasing the life span 
of the adult parasites. 

When the scales were reared on potato 
tubers, male scales were preferred hosts 
but when the scales were reared on grape- 
fruit, third-instar female scales were pre- 
ferred. QOvipositional preference was 
shown for grapefruit-reared scale over 
potato-reared scale when an equal choice 
was given. Longevity of adult parasites 
was influenced by the host scale on which 
they were reared. 

Methods of insectary culture of the 
parasite for field release are described. 
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Studies of the Efficacy of Natural Enemies of 
Citrus Red Mite in Southern California’ 


Paut DeBacu, C. A. FLescuner, and E. J. Drerrick,? Division of Biological 
Control, University of California Citrus Experiment Station, Riverside 


The citrus red mite, Paratetranychus 
citri (McG.), is now one of the major pests 
of citrus in southern California. For 10 
or more years following its introduction 
from Florida, about 1890, it was a minor 
pest of sporadic occurrence. This is shown 
by the fact that reports of the California 
State Board of Horticulture carry few 
references to this pest up to 1910. 

According to Woodworth (1902): ‘“The 
experience of former years in reference to 
this mite is that it... may, at times, al- 
most completely die out in an ore hard and 
not appear again for several years.” And 
Quayle (1912) states that “T heir numbers 

vary greatly even in adjoining groves and 
treatment is unnecessary unless they are 
abundant and doing damage.” These two 
statements are of especial importance in 
that they encompass the basic ideas that 
have since been postulated concerning 
factors affecting citrus red mite popula- 
tions. Woodworth’s statement implies a 
considerable degree of natural control, 
either climatic or biotic. Quayle’s state- 
ment implies the same, and, in addition, 
indicates that cultural differences between 
groves, which would include insecticidal 
treatments, may be responsible for 
marked differences in the degree of citrus 
red mite infestation. 

Sudden decreases in citrus red mite 
population density, such as those de- 
scribed by Woodworth, are a common 
phenomenon in the population dynamics 
of this mite. Over the years much specu- 
lation has arisen concerning the causes of 
such abrupt population changes. Climatic 
extremes have generally been thought of 
as having the greatest influence on citrus 
red mite population declines. Predators of 
the citrus red mite have been considered 
by some observers to give effective control 
in certain instances, but the few workers 
who have studied the problem intensively, 
previous to the study herein reported, 
have not claimed much in the way of 
control by natural enemies. Woodworth 
(1902) reports observations on the biology 
and feeding habits of most of the pred- 
ators of the citrus red mite and con- 
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cludes that “They [the natural enemies] 
do not accomplish much toward the 
checking of the red spider.” 

Quayle (1912) extended the biological 
studies of the citrus red mite predators 
and accumulated quantitative data show- 
ing that large numbers of mites and of 
their eggs were fed upon by individuals of 
various species of predators. He made no 
statement concerning the effect of the 
predators on mite populations in the 
field, but later re p. 33) said: “The 
citrus red mite in California is often 
greatly reduced in numbers through the 
attacks of enemies particularly where 
mechanical control measures, as spraying 
and fumigating, are not employed. Fumi- 
gation is known often to cause an increase 
in the number of the citrus red mite be- 
‘ause the enemies are destroyed by such 
treatment, while it has very little effect on 
the mites.” 

No quantitative studies of the natural 
factors affecting the citrus red mite in the 
field were made until David T. Prender- 
gast and Laurence S. Jones undertook a 
joint graduate study of this problem at 
the Citrus Experiment Station in 1935. 
Prendergast studied the effect of physical 
factors; Jones, the effect of biotic factors. 
Prendergast (1938)? showed that high 
mortalities of both eggs and mites are 
caused by the extremes of temperature 
and humidity which occur at intervals in 
the field in citrus areas. Jones acquired 
quantitative data regarding fluctuations 
in citrus red mite and predator popula- 
tions in the field. He also made experi- 
mental comparisons of mite population 
trends on caged citrus trees in the presence 
and absence of predators. His results have 
not been reported formally, but his con- 
clusions (in conversation) have been that 
predators not only function to reduce 
heavy mite populations quickly, but also 
in certain cases to prevent the build-up 
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of mite populations to economic levels. 

In 1942, two quantitative studies of 
citrus red mite populations were reported. 
Holloway et al. (1942) stated that “The 
use of sprays containing zinc caused a 
significant increase in citrus red mite pop- 
ulations. This increase was not attributed 
to the influences on biological control 
factors. . . Henderson & Holloway 
(1942) showed that egg production of the 
citrus red mite was influenced by the de- 
gree of leaf injury from previous mite 
feeding. They postulate that leaf injury 
caused by the feeding of the mites is a 
factor capable of causing reductions in 
citrus red mite populations, inasmuch as 
mite populations often decrease rapidly 
when climatic conditions are apparently 
favorable and natural enemies are ex- 
tremely scarce. 

Woglum et al. (1947) observed that 
“Red spider was usually under commercial 
control {during the period of intermittent 
treatment prior to the introduction of 
white oil sprays], primarily by the pred- 
ators Conwentzia hageni (Banks), So- 
matium oviformis (Casey) and Stethorus 
picipes (Casey). There were many cases, 
in coastal areas, where spider infested 
orchards which were sprayed for control 
with lime sulfur showed only a temporary 
check of the pest because of reduction also 
of natural enemies, whereas unsprayed 
orchards adjacent cleaned up more 
quickly and more permanently through 
undisturbed biological control. For the 
same reason spider often increased rapidly 
soon after orchards were fumigated.” 

From a consideration of the above 
studies it is evident that the role played 
by predators, climate, and other factors 
in citrus red mite population fluctuations 
is highly controversial. 

In 1947 DeBach reported a study which 
compared citrus red mite and predator 
populations on untreated trees and on 
trees treated with DDT and with tale. 
It was shown that DDT treatments re- 
sulted in a marked increase in mite popu- 
lations and a corresponding decrease in 
predator populations. Tale residues pro- 
duced similar effects of a lower magnitude. 
Indications were that predators, princi- 
pally Stethorus, Conwentzia,' and Oligota, 
were responsible for the low populations 
of mites on the untreated trees. The re- 
sults obtained in this study were of such 
interest from the standpoint of natural 
control that the additional studies re- 
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ported in the present paper were under- 
taken to gain more information concern- 
ing the efficacy of natural enemies in 
citrus red mite control. 

MetHops OF SAMPLING MITE AND 
PrepDATOR PopuLations.—Various meth- 
ods were investigated in order to develop 
a sampling technique for measuring the 
relative population densities of the citrus 
red mite and its predators. The final 
method employed a modification of the 
Henderson brushing-machine technique 
(Henderson & McBurnie 1943) for meas- 
uring the relative mite and egg popula- 
tion density, and a timed visual inspection 
method for measuring the relative pred- 
ator population density. 

In the modification of the Henderson 
brushing-machine technique for sampling 
the relative population density of mites 
and eggs, a 25-leaf sample was taken from 
each tree in the experimental plot. The 
leaves were picked at random with respect 
to the mite population density but were 
of uniform age and size. Leaves were 
selected from shoulder height at points 
approximately equidistant around the 
circumference of the tree. 

In the timed visual inspection tech- 
nique developed to determine the relative 
predator population density, the leaves, 
twigs, and fruit of each tree in the ex- 
perimental plot were examined for a 5- 
minute period, the time being equally 
divided around the circumference of the 
tree. A stop watch was used to insure ac- 
curate timing. The part of the tree in- 
spected was that area which fell within 
convenient optical range of the examiner 
while standing in a normal position. The 
natural position of any part of the tree 
was not disturbed during the inspection. 
All trees in one plot were counted by the 
same individual, or if two individuals 
were sampling in the same plot, they 
worked together, each examining half of 
a given tree in a time interval of 2 
minutes and 30 seconds. This precaution 
was taken in order to minimize experi- 
mental errors due to possible variation 
in the power of observation of the two 
examiners. The numbers of individuals of 
the various species of predators seen in 
the 5-minute interval were recorded. The 
numbers of larvae, pupae, adults, and 
exuviae of three common species of pred- 
ators, Stethorus, Conwentzia, and So- 


1 Now known to be a complex of several species. 
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matium, observed were recorded. The 
number of larvae of the green lacewing, 
Chrysopa californica Coq., were recorded. 
The presence or absence of larvae of any 
species of coccinellids was noted, as well 
as the number of individuals observed of 
other species known to be predaceous on 
the citrus red spider. 

The use of the 5-minute visual inspec- 
tion method for predators was necessary 
because the brushing-machine sample, al- 
though highly reproducible for red mite 
populations, was not accurately reproduc- 
ible for predator populations. The reason 
for this is that predators are present in 
much lower numbers than the host; hence 
a sample which may be adequate for the 
host population may be entirely too small 
for the predator population. 

These two methods make it possible to 
obtain data which are accurate indices of 
relative population changes of the citrus 
red mite and its predators when taken at 
intervals of at least every 2 weeks. Corre- 
lation of the density-dependence between 
populations of the citrus red mite and its 
predators provides valuable indications 
as to the efficacy of the predators. 

Meruops OF EVALUATING THE EFFECT 
or Prepators oN Cirrus Rep Mire 
PopuLations.—Several methods of evalu- 
ating predator effectiveness have been 
used in this study. One involves the cor- 
relation of quantitative data on mite and 
predator population changes (Smith & 
DeBach 1942), obtained by use of the 
sampling techniques described above. 
Another involves a comparison of the de- 
velopment of mite populations in the 
presence and absence of predators. In ad- 
dition, careful field observations _fre- 
quently supply valuable indications con- 
cerning the total complex, which some- 
times may be overlooked when the sim- 
plifications necessary for the collection of 
statistical data are employed. 

Each of these methods may have limita- 
tions or disadvantages. Correlation of 
changes between host and predator popu- 
lations gives proof of density dependence 
of the predators but does not necessarily 
prove that an observed reduction in the 
host population was caused by the pred- 
ators, unless other factors which might 
influence the host population can be 
eliminated from consideration. For in- 
stance, predators may increase in relation 
to an increase in host numbers; the host 
may then eventually decrease, and this 


decrease be followed by a decrease in the 
predator population. This could occur as 
an effect of the predators alone, or as a 
result of an adverse effect of climate on 
the host during the period of host- 
predator increase. Both curves would 
appear the same. 

Predators may be eliminated or in- 
hibited in three ways: (1) by the in- 
secticidal check method (DeBach 1946), 
which excludes predators by the toxic 
effect of DDT residues; (2) by the sleeve- 
cage check method (DeBach et al. 1949), 
which excludes predators mechanically by 
the use of cages or sleeves; and (3) by the 
biological check method, which inhibits or 
excludes predators by the action of ants. 

The DDT insecticidal check method 
appears to be the best for measuring the 
total effectiveness of the predators. A 
simple comparison between mite popula- 
tions on trees having predators present 
(untreated) or absent (DDT-treated) is 
all that is necessary. It was found that on 
trees sprayed with DDT three times, at 
intervals of 6 weeks, predators were vir- 
tually eliminated during this period and 
for a period of 10 weeks after the third 
spray. DeBach & Bartlett (1950)! discuss 
the effects of DDT on citrus red mite pred- 
ators in more detail. This method has no 
proved disadvantages, but the results ob- 
tained by it are frequently so striking that 
many entomologists have been reluctant 
to accept the results as caused by the 
elimination of predators alone. It is possi- 
ble that either DDT residues or a physi- 
ological effect of DDT on the tree, or both, 
make the environment more favorable to 
increases in citrus red mite population. 
Should such effects be demonstrated, 
their values will have to be subtracted 
from the total mite increases following 
DDT applications in order to arrive at 
the results caused by elimination of pred- 
ators alone. In the method now used, 
trees are sprayed monthly with 1 to 2 
quarts of a mixture of 4 pounds of 50 per 
cent wettable DDT per 100 gallons of 
water. This very light application causes 
almost no citrus red mite mortality but 
nearly completely eliminates predators. 

We have accumulated field evidence of 
various types respecting other species of 
insects and mites on citrus; this evidence 


1 Some effects of insecticides on biological control of insect 
pests of citrus. Submitted for publication December, 1950. 
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indicates little or no effect from DDT 
other than that resulting from the elimi- 
nation of natural enemies. In field tests 
with six materials, we found that the 
greatest increases in citrus red mite popu- 
lations followed DDT applications, and 
that the next greatest followed zine ap- 
plications (DeBach & Bartlett 1950). Ad- 
verse effects on predators were in the same 
order. Until it is proved that factors other 
than the elimination of natural enemies 
are involved in the DDT insecticidal check 
method, we must assume that the results 
obtained largely measure predator ef- 
fectiveness. 

The sleeve-cage check test affords the 
same type of simple, direct comparison 
between red mite increases in the presence 
and absence of predators as the DDT in- 
secticidal check method. Results are 
nearly identical with those obtained by 
the DDT method, although no residues or 
physiological effects are involved. The 
principal disadvantage is that modifica- 
tion of the microclimate within the sleeves 
may be said to be favorable to mite in- 
crease. Temperature and humidity meas- 
urements do show slight differences, but 
it is doubtful whether these small dif- 
ferences could account for the striking, 
rapid increases in citrus red mite popula- 
tions that have occurred within the sleeves 
as a result of employing this method. 
These population increases in the sleeves 
have always been associated with protec- 
tion from considerable predator activity 
in the open. 

The biological check method likewise 
provides a simple, direct comparison be- 
tween red mite population increases in the 
presence and absence -of predators. The 
efficiency of this method depends upon 
the abundance of ants. Ants probably do 
not adversely affect mite predators to the 
extent that they do red scale parasites and 
predators, but, as is shown in table 1, 
substantial quantitative inhibition does 
occur, Which gives a good indication of 
the efficiency of the red mite predators. 
These data were taken from a lemon 
grove which is under satisfactory natural 
control of all pests. ‘The difference in the 
amount of citrus red mite damage on ant- 
infested trees, as compared with ant-free 
trees, was readily discernible in the field. 
Predators were observed to be scarcer on 
the ant-infested trees in spite of the 
heavier mite populations. These counts 
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were made a year and a half after ants 
were first eliminated from the test trees. 
This method has none of the so-called 
disadvantages of the other methods. The 
microclimate is not modified, the sub- 
stratum is not modified by the presence 
of insecticidal residues, nor is there any 
physiological effect from the application 
of chemicals. The effect measured in this 
method is entirely owing to the elimina- 
tion of predators by ants. It is significant 
that this method corroborates the results 
obtained by use of the other methods. 

SPECIES OF PREDATORS.—Many species 
of insects and predatory mites feed on the 
citrus red mite. Most of these are inci- 
dental feeders, which depend on other 
sources for their principal supply of food, 
but a number depend principally on the 
citrus red mite. Those recovered com- 
monly during the study herein reported 
are listed below in approximate order of 
relative importance. 


Citrus Red 


Mite as 
Predator Food Source 
1. Coniopterygidae Primary 
Conwentzia hagenit Banks 
Coniopteryx angustus Banks 
Parasemidalis flaviceps Banks 
2. Stethorus picipes Casey Primary 
3. Chrysopa californica Coq. Secondary 
4. Coccinellidae Secondary 
Hippodamia spp. 
Adalia bipunctata (L.) 
Coccinella californica Mann. 
Cycloneda sanguinea (L.) 
Olla abdominalis (Say) 
5. Somatium oviformis (Casey) Primary 
6. Sympherobius spp. Secondary 


Hemerobius pacificus Banks 


Other species recovered only occasion- 
ally during this study were Triphleps tris- 
ticolor White, Iphidulus sp. and Anystis 
agilis Banks. In addition, Quayle (1938) 
reports the following species as predatory 


Table 1.—Relative citrus red mite populations 
and feeding damage on leaves of ant-infested and 
ant-free lemon trees one and one-half years after 
test began. 








PERCENTAGE 
or LEAVES SHOWING 








No. OF Mite DamaGE 
Mitts = —————_—_—_——_-——— 
PER 25 None Medium Very 
TREES Leaves to Light to Heavy Heavy 
Ant-infested 359 38 52 10 
Ant-free 17 67 33 0 
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on the citrus red mite: Scolothrips sex- 
maculatus (Perg.) and Anthracnodax oc- 
cidentalis Felt. Scolothrips is very sporadic 
but may become abundant in occasional 
groves. 

OBSERVATIONS IN NATURAL-CONTROL 
Groves.—Populations of the citrus red 
mite and its predators were observed 
monthly during the years 1948 to 1950 in 
a series of citrus groves, which, for the 
most part, had not received insecticidal 
treatments for 3 to 10 or more years. 
Three of the best groves, from the com- 
mercial standpoint, and ones on which the 
history was adequately known, had re- 
ceived no major pest control treatments 
for 10 to 12 vears. One received no treat- 
ment whatever; each of the other two re- 
ceived two different dustings for citrus 
red mite. These dusts were applied before 
the groves came under observation, and 
the real need for them cannot be ascer- 
tained. No treatment has been necessary 
since January, 1948, although in winter 
and early spring citrus red mite popula- 
tions have shown a tendency to increase, 
which might have led the average grower 
to consider treatment. No untoward 
damage resulted from these infestations 
and they were ultimately controlled by 
predators. Thus in three groves, over a 
total elapsed time of 34 grove years, only 
four treatments for citrus red mite were 
considered necessary, and as far as can be 
ascertained, no appreciable amount of 
tree or fruit damage occurred. 

Twelve other groves, which were 
scattered throughout southern California 
and were untreated for 3 to 10 years, were 
observed monthly during this period. 
These groves averaged about 6 years 
without treatment of any sort. History 
of citrus red mite infestations in these 
groves previous to 1948 was largely un- 
available; however, there was no obvious 
damage from the 1947 season. During the 
24 grove years of close observation on 
these groves, only one treatment was ap- 
plied in one grove against the citrus red 
mite. Predators were common and were 
increasing at the time this treatment was 
applied, but since the amount of mite 
feeding damage that might occur was un- 
predictable, the grower decided to treat. 
Medium to heavy mite feeding damage 
occurred once in three other groves during 
this period. Thus it appears that over a 
total of 24 grove years of observation, 
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four treatments against citrus red mite 
would have been necessary to maintain 
feeding damage at a minimum. The eco- 
nomics of the situation may not even have 
justified this, however, for as one of the 
growers expressed it, who did not treat 
and whose grove suffered some mite feed- 
ing injury, the amount of crop loss and 
tree damage was not more than the money 
saved by withholding treatment. 

It appears from these studies that in 
completely untreated citrus groves satis- 
factory natural control of the citrus red 
mite generally occurs, but in about one 
year out of seven, moderate to heavy 
mite feeding damage may be expected. 
Such natural control is not to be expected 
in groves receiving various insecticidal 
treatments or in groves newly out of 
treatment. 

Apparently, the natural control of the 
citrus red mite in the experimental groves 
was caused almost entirely by predators. 
No effects from weather were observed. 
In every case, mite increases were corre- 
lated with a scarcity of predators, and 
mite decreases were correlated with an 
obvious increase in predators. 

Experimental comparisons _ verified 
these conclusions. DDT-treated check 
trees on which predators were eliminated 
were established in nearly every grove. 
Invariably, red mite populations in- 
«creased so rapidly and became so heavy 
on these trees that a treatment for mites 
became necessary to save the trees, which 
were being used concurrently for eco- 
logical studies of the California red scale. 
Sleeve-cage tests showed similar results. 
In some tests considerable defoliation re- 
sulting from mite feeding damage oc- 
curred within a month after predator 
elimination. In the four groves in which 
the biological check method was _ being 
studied (see Table 1), obvious mite in- 
creases occurred on trees on which preda- 
tor activity was hindered by the presence 
of ants. 

QUANTITATIVE Srupies.—Detailed 
quantitative studies of citrus red mite 
(plus eggs) and predator populations 
were carried out during 1947 in five 
Orange County Valencia orange groves. 
Populations were sampled bimonthly ac- 
cording to the methods described earlier 
in this paper. Quantitative sampling did 
not include the general predators such as 
coccinellids, although careful observations 
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were made of their abundance. It should 
be borne in mind that most of these plots 
had been treated with insecticides the 
previous year; hence the predator rela- 
tionships may not represent exactly what 
would have been obtained under condi- 
tions of no previous treatment. Even so, 
severe damage from mite-feeding occurred 
infrequently, and in most plots it is prob- 
lematical whether damage to crop or tree 
vigorexceeded the dollar-saving effected by 
not treating. In one grove all the trees 
except those in the experimental plot were 
treated. Predators reduced mite popula- 
tions in this plot to a density as low as 
that in the treated area of the grove within 
one week after treatment. 

DDT check trees in all these groves 
showed marked average increases in mite 
populations over untreated trees, even 
though the heavy complete-coverage 
DDT spray used at that time caused 
definite initial reductions in mite popula- 
tions. Each grove is considered separately 
below, inasmuch as ecological factors vary 
considerably in the different groves. These 
factors include previous insecticidal treat- 
ment history, cultural practices, and the 
presence of other pests serving as food for 
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Fic. 1.—Relative populations of citrus red mites 
(plus eggs) and their predators in the Haster Grove, 
1947. 
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general predators such as the green 
lacewing and various, coccinellids. Counts 
were initiated in each grove soon after 
periodic observations indicated that the 
spring increase in citrus red mite popula- 
tions had commenced. In most cases, 
however, a substantial increase had oc- 
curred before formal sampling was in- 
itiated. 

The data graphed in figures 1 to 10 
were taken according to the procedures 
described in the section on ‘Methods of 
Sampling Mite and Predator Popula- 
tions.” Each point on the curves for 
“Mites + eggs” represents the total 
mites and eggs on a 75-leaf sample (25 
leaves from each of three trees). Each 
point on the curves for predators repre- 
sents the total predators found on three 
trees during a 5-minute search of each 
tree, multiplied by 100. Predators are 
multiplied by a constant factor for pur- 
poses of graphical representation, since 
the ratio of predators to host must neces- 
sarily be low. 

Haster Grove.—-In this grove the inter- 
action between mite and predator popu- 
lations was already well under way when 
the first samples were taken. As a result, 
the initial increase in predator populations 
in relation to mite increase was not de- 
termined, and the first points on the 
curves in figure 1 show the spring popu- 
lation peak of red mites early in June, as 
well as a peak in total predator popula- 
tions. Previous pilot counts indicated that 
mites were moderately abundant in Janu- 
ary, but they decreased in numbers until 
mid-March and then increased rapidly 
through April and May. Adequate pred- 
ator counts were not made during this 
period, but the spring predator increase 
evidently began in early April. 

Total predator counts for all groves 
combine larvae, pupae, and adults of 
coniopterygids and Stethorus, but larvae, 
only, of green lacewings. Observations 
were made, but quantitative data were 
not acquired, on populations of general 
predators such as coccinellids (except 
Stethorus) and others. 

Mite populations in the Haster plot de- 
creased rapidly in June and by mid-July 
were very low; they stayed low until early 
September, when there was a moderate 

increase, which continued through Octo- 
ber and leveled off in November and De- 
cember. Relative predator population de- 
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creases lagged behind the drop in mite 
populations, but as would be expected, 
they followed the same downward trend. 
They failed to increase, however, in rela- 
tion to the moderate mite build-up which 
occurred during the fall. The factors re- 
sponsible for stabilizing this mite popula- 
tion during October, November, and De- 
cember were not measured by this study. 
Meteorological factors were probably not 
responsible, since mite populations in- 
creased considerably during this same 
period in the nearby County Farm Grove. 
General predators such as coccinellids 
(other than Stethorus) and brown lace- 
wings, which were not sampled on a 
quantitative basis, may been have re- 
sponsible. Adults of Adalia were common 
during October and November. Counts 
were terminated December 16 because of 
grove fumigation. The late spring and 
summer cleanup of red mites appears 
from these data to be correlated with 
specific predator activity. 

Three principal predators were present, 
namely, Stethorus picipes, coniopterygids, 
and Chrysopa californica. Figure 2 shows 
the relative populations of the principal 
predator species on’ successive dates. 
Stethorus was probably responsible for the 
initial reduction in mite populations, al- 
though it should be borne in mind that all 
stages of other coccinellids, primarily 
aphid feeders, were common from mid- 
April until early July. The coniopterygids 
appeared to be of more importance at the 
lower densities during June, July, and 
August. 

County Farm Grove.—The first predator 
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Fig. 2.—Relative populations of coniopterygids and 
of Stethorus and Chrysopa, principal predators of the 
citrus red mite, in the Haster Grove, 1947. 
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samples in this grove were not taken until 
after the spring peak of red mite popula- 
tions had occurred and a decrease had set 
in. Figure 3 shows that total predators 
were relatively abundant at this time, 
although from the trend of the curves and 
other indications such as previous pilot 
samples and cast skins in the field it ap- 
pears that predators probably reached a 
peak in early March. Predators appeared 
to be instrumental in reducing mite popu- 
lations to a low by May 2. There was a 
tendency for mite populations to increase 
from this low, but this tendency was offset 
by another upsurge in predator popula- 
tions. Subsequent predator activity ap- 
peared to be responsible for the mainte- 
nance of red mite populations at a low 
density until September. Mites then in- 
creased until a fairly heavy population 
was present on the last count, January 6, 
1948. Predator populations increased 
slowly in proportion to this mite build-up. 
Population trends at the time of the last 
count, January 6, 1948, indicated that the 
relations obtained during January, Febru- 
ary, and March of 1947 would be rather 
closely duplicated. 

The relative populations of the major 
predator species present during this study 
are shown in figure 4. Stethorus was the 
principal species recorded during the 1947 
spring reduction of the citrus red mite, 
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Fic. 3.—Relative populations of citrus red mites 
(plus eggs) and their predators in the County Farm 
Grove, 1947-48. 
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although larval and adult coccinellids, 
primarily aphid feeders, were common by 
mid-March. These ladybirds (coccinellids) 
remained fairly abundant during April, 
May, June, and early July. They very 
likely destroyed large numbers of mites. 
After the spring reduction, Stethorus 
populations became greatly reduced. The 
coniopterygids became dominant during 
the summer and appeared to be responsi- 
ble for the maintenance of the citrus red 
mite at a low population density through- 
out the summer. Coniopterygids virtually 
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Fic. 4.—Relative populations of coniopterygids and 


of Stethorus and Chrysopa, principal predators of the 
citrus red mite, in the County Farm Grove, 1947-48. 


disappeared during the period from late 
August, 1947, until the last count in 
January, - 1948. Green lacewings were 
present during the summer but consti- 
tuted only a secondary factor. Stethorus 
again became the dominant predator 
during the fall and winter of 1947-48. 
Marsile Grove.—The spring mite popu- 
lation peak appeared to have just been 
attained when this grove was sampled 
first on June 13. Previous pilot samples 
showed that mites were scarce from 
January to May, but that a very rapid 
increase in mites occurred from May 7 to 
June 6. As may be seen in figure 5, a rapid 
decline in the mite population occurred 
during the next 2 weeks. This decline was 
correlated with a rapid increase in preda- 
tors during this same period. Previous 
pilot samples indicated that predators 
started their increase in May. The reduc- 
tion of mite populations to a low density 
was followed by a decrease in predators 
to a low on August 13. Mite populations 
then showed a tendency to increase again. 
Predator populations responded to this 
increase initially, but after September 29 
predator populations decreased in spite of 
a rapid and sustained increase in mite 
populations. Mite populations reached a 
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peak on November 7 and then decreased 
abruptly during the next 2 weeks. The 
predator species being sampled or ob- 
served did not account for this marked de- 
crease. A lesser mite population decline 
occurred during this same period in the 
Haster grove (Fig. 1, October 31. to 
November 14). 
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Fic. 5.—Relative populations of citrus red mites 
(plus eggs) and their predators in the Marsile 
Grove, 1947-48. 


Meteorological factors, in general, were 
favorable during this period, except that 
on November 9 there was a rainfall of 
0.60 inch. This was the heaviest rain of 
the year and was a common factor af- 
fecting both the Marsile and the County 
Farm groves; however, in the latter grove 
mite populations increased somewhat 
during that same period in spite of the 
rain. The factors responsible for the de- 
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Fic. 6.—Relative populations of coniopterygids and 
of Stethorus and Chrysopa, principal predators of the 
citrus red mite, in the Marsile Grove, 1947-48. 
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creases in the Haster and Marsile groves 
cannot be accounted for by the quanti- 
tative data at hand. As mentioned in the 
discussion of the Haster grove, coccinel- 
lids, brown lacewings, and perhaps other 
general predators that were not measured 
quantitatively in this study may have 
been responsible. It is also possible that 
an epizootic occurred. 

After the major mite reduction during 
the period of November 7 to 24, specific 
predator populations increased (Fig. 6) 
and appeared to be responsible for reduc- 
ing mite populations to the low recorded 
on the last count, February 16, 1948. 
Coniopterygids were by far the dominant 
predators. Stethorus and Chrysopa were 
both scarce throughout the year. Aphid- 
feeding coccinellids were common during 
May but relatively scarce the remainder 
of the year. 

Johnson Grove.—Citrus red mite popu- 
lations remained low in this grove during 
the period of observation. Field observa- 
tions previous to June showed thata high 
peak was not attained. Pilot counts indi- 
cated light mite populations early in 
January, decreasing to a low in late 
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Fic. 7.—Relative populations of citrus red mites 


(plus eggs) and their predators in the Johnson 
Grove, 1947. 
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February, and then increasing until a 
moderate peak was reached about April 
23. Mite populations then decreased to 
June 12, when the first regular sample 
was taken, as shown in figure 7. Predator 
populations were relatively high on June 
12, and they increased even more until 
August 1, when a decline set in. By July 
18 mite populations were reduced to a 
low that was maintained until September, 
when counts were terminated because the 
grove was sprayed with oil. 

Predators appear to have been re- 
sponsible for the spring mite reduction 
and the low mite population maintained 
throughout the summer in this grove. 
The spring and early summer reduction 
in mite population was evidently due to a 
combined effect of coniopterygids and 
green lacewings, the coniopterygids pre- 
dominating (Fig. 8). The low mite popu- 
lation density through the summer ap- 
pears to have resulted from the activity 
of the same two species, but with the 
green lacewings predominating. The large 
green-lacewing population was primarily 
the result of a coincident mealybug in- 
festation. This is the only grove in which 
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of Stethorus and Chrysopa, principal predators of the 
citrus red mite, in the Johnson Grove, 1947. 
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green lacewings were of major importance 
numerically. Aphid-feeding coccinellids in 
all stages were common during April and 
May and less so in June. 

Mabury Grove.—Mite population sam- 
pling was started in this grove early in 
January, 1947. Mite populations were 
then high. Fumigation of the grove on 
January 23 resulted in a temporary reduc- 
tion in the mite population. Populations 
began to increase again on March 13 and 
reached a peak on May 22, as shown in 
figure 9. Formal sampling for predators 
was not started until April 16, but it is 
known that few specific predators were 
present before April 1. The reduction in 
mites that occurred from May 22 to July 
9 appears to be the result of predator ac- 
tivity, as does the maintenance of the 
mites at a low population level the re- 
mainder of the summer. Mite populations 
began to increase again about September 
19. They built up to a moderate level by 
October and then remained more or less 
static during October, November, and 
December. The grove was fumigated De- 
cember 31, 1947. A depression of the mite 
population followed. 

Inasmuch as specific predator activity 
was very low during October, November, 
and December, neither Stethorus nor 
coniopterygids account for the static mite 
population at the levels observed. 
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Fic. 9.—Relative populations of citrus red mites 
(plus eggs) and their predators in the Mabury 
Grove, 1947. 
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Weather does not account for it either, 
since adjacent DDT-treated check trees 
showed heavy mite population increases 
during this period. No factor was recorded 
which could have influenced the untreated 
trees and not the DDT-treated trees. 
Unfortunately, as discussed in connection 
with the Haster and Marsile groves, ade- 
quate quantitative data an populations of 
general predators were not obtained. Per- 
haps such predators, or a disease, were 
responsible for the static mite population 
during October, November, and De- 
cember. 

From figure 10 it is evident that Ste- 
thorus was dominantly responsible for the 
initial reduction of mites in May, whereas 
coniopterygids were principally responsi- 
ble for final reduction in mite populations 
in June, and for the maintenance of low 
mite population densities during the 
summer. Green lacewings were of only 
secondary importance. Coccinellid larvae 
and adults were fairly common in May. 

Discussion AND ConcLusions.—The 
preceding charts illustrate what has been 
well known for some time, namely, that 
citrus red mite populations frequently 
show a spring peak, a summer low, and a 
late fall or winter peak. The controversial 
issue concerns the factors responsible for 
these fluctuations. We have shown that 
there is a good correlation between 
fluctuations in red mite populations and 
predator populations. It may be ques- 
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tioned, however, whether this is a cause- 
and-effect relationship or only an appar- 
ent correlation. 

It is obvious that a rather general 
factor is involved, inasmuch as mite re- 
ductions occurred in all groves observed. 
The only factors, other than predators, 
which have been suggested as possible 
influences on citrus red mite populations 
have been climate (Boyce 1936) (Prender- 
gast 1938)! and leaf condition or leaf in- 
jury from mite-feeding (Holloway et al. 
1942). 

A consideration of the possible effects of 
climate in producing the observed major 
decreases in 1947 mite population leads 
to the conclusion that there was little 
direct effect from climate. All groves in 
this study were in the Anaheim-Santa 
Ana area of Orange County and within a 
radius of 5 miles. The climate in this area 
is uniform. Detailed weather records for 
the year are available from Anaheim and 
Orange, which are about 5 miles apart. 
These records agree closely, and they 
have been studied intensively in connec- 
tion with the present analysis. 

In attempting to evaluate the possible 
effects of climate on red-mite population 
decreases, we followed two procedures. 
The first was to pick out periods of 
climatic extremes (that is, high or low 
temperature and high or low humidity) 
and attempt to correlate them with suc- 
ceeding mite population decreases. The 
extremes (not the means) are the only 
logical components of climate that might 
affect mite populations, since mites 
flourish under usual weather conditions. 
The second procedure for evaluating the 
effects of climate was to pick out periods 
of decreasing mite populations and at- 
tempt to find climatic conditions during 
the period immediately preceding the de- 
crease which might account for it. Cer- 
tainly, within the area studied, climatic 
conditions extreme enough to produce a 
major decrease in mite populations in one 
grove should do so in all groves. This did 
not prove to be the case, however, in con- 
nection with the major late spring reduc- 
tions in citrus red mite populations. Al- 
though these reductions in the various 
groves occurred fairly close together in 
time, there was enough difference to rule 
out climate as a general causal factor. For 
instance, major mite population decreases 
began in the Mabury grove after the May 
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22 count, whereas in the Country Farm 
grove mite populations were increasing 
during this period, and decreases did not 
begin until after the June 16 count. 

This does not rule out meteorological 
effects during other periods, of course, and 
it appears that such factors may have 
been responsible for mite reductions in 
this area twice during the 1947 observa- 
tional period. During late January and 
early February, 1947, noticeable decreases 
in mite populations developed within a 
short period of time. Since predator counts 
were not taken during this period, the in- 
fluence of this factor is unknown. How- 
ever, the amount of fog, dew, and light 
rain that occurred at this time may well 
have been at least partly responsible for 
mite reductions. It has been observed 
several times that during heavy dews 
citrus red mites have been removed from 
leaves in fairly large numbers by being 
floated from the leaf on the surface film 
of developing droplets which subsequently 
dropped from the leaf. Between April 2 
and April 16, 1947, there was a general 
depression of mite populations. This took 
place on DDT-treated trees having ef- 
fective residues present, as well as on un- 
treated trees; thus predators could not 
have been the main factor. A period of 
low humidity and high temperature ap- 
peared to be the cause. From April 10 to 
14, a 5-day period, the minimum relative 
humidity ranged from 11 to 17 per cent, 
and the maximum temperature ranged 
from 86° to 98° F. No other such combina- 
tion of low humidity with high tempera- 
ture occurred in this area during the re- 
mainder of the year, nor were any other 
correlations noted between mite decreases 
and weather extremes. 

It appears from the studies and ob- 
servations herein reported that predators 
are the most common and efficient factor 
regulating mite populations in the field. 
They constitute a density-dependent fac- 
tor which may result in commercial con- 
trol at low mite densities. Frequently, 
however, predators lag behind mites in 
population increases and do not exert 
control until mite populations have be- 
come more or less damaging. There are 
undoubtedly several reasons for this lag: 
A spring lag may be the result of low over- 


1 Prendergast, David. 1938. Unpublished thesis on file in the 
University of California Library, Berkeley. 
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wintering predator populations. Insecti- 
cidal residues of various types inhibit or 
eliminate predators (DeBach & Bartlett 
1950). Parasites of the predators may 
reduce predator efficiency, especially by 
late summer. This applies particularly to 
the coniopterygids and the green lace- 
wings, which may suffer high degrees of 
parasitization, with the result that a low 
overwintering population of predators 
ensues. 

Meteorological factors may at times de- 
press mite populations, but such factors 
are density-independent, hence generally 
are nonregulatory as far as balance in con- 
cerned and cannot, of course, be depended 
upon. 

Leaf injury from mite-feeding operates 
as a density-dependent factor but appar- 
ently occurs only at densities so high as to 
be quite impractical. 

Inasmuch as predators have main- 
tained efficient control of citrus red mites 
in southern California in certain groves 
for several years at a time, it appears that, 
potentially, they offer considerable prom- 
ise of more general biological control of 
this mite. The reasons why commercial 
control by predators is not accomplished 
more often must be investigated thor- 
oughly. It may then be possible to increase 
the efficiency of predators by manipulat- 
ing certain environmental factors. In- 
sectary rearing and periodic colonization 
of predators, or the use of alternate host 
plants and host mites in the field for pre- 
dator production, appear to offer the best 
possibilities. 

SumMaAry.-Experimental and quanti- 
tative field studies were made concerning 
the relative efficacy of natural enemies 
and other factors in control of the citrus 
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red mite, Paratetranchus citri (McG.), in 
southern California. 

Studies in citrus groves which had re- 
ceived no insecticidal applications for 3 to 
10 or more years indicated that predators 
were the principal factors generally re- 
sponsible for the reduction of citrus red 
mite populations, or for the maintenance 
of such populations at low levels. In such 
groves there may be satisfactory natural 
control of the citrus red mite for several 
years at a time. 

The most effective predators, in ap- 
proximate order of importance, were: Con- 
iopterygidae (several species), Stethorus 
pietpes Casey, Chrysopa californica Coq., 
Coccinellidae (several polyphagous spe- 
cies), and Somatium oviformis (Casey). 
Quantitative data and experimental tests 
demonstrated the efficacy of the predators. 

Cyclical trends were evident in citrus 
red mite and predator populations in 
Orange County: Mite populations tended 
to increase during the fall and winter, al- 
though a winter reduction in some groves 
resulted in a low about February. Spring 
mite population peaks occurred about 
May or June. Subsequent reductions re- 
sulted in a low during the summer. 
Stethorus populations increased during 
the fall and winter, and decreased in late 
spring. Coniopterygid populations — in- 
creased during the spring, remained high 
throughout the summer, and decreased in 
the fall. 

Meteorological factors, especially com- 
binations of low humidity with high tem- 
peratures, cause occasional reductions in 
citrus red mite populations. Reductions 
in certain citrus red mite populations in 
the fall of the year were caused by un- 
known factors. 
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Some Factors Affecting Red Mite Populations 
on Pears in California‘ 


Caru B. Hurraker and Cart H. Sprrzer, Jr.,? Division of Biological 
Control, University of California, Albany 


Since the adoption of DDT as the 
general control for codling moth on apples 
and pears the problem of red mite control 
on these two fruits has demanded much 
attention. Driggers (1946) effectively 
summarized the most frequently en- 
countered explanations of red mite in- 
creases associated with the shift from lead 
arsenate to DDT: “... whether this 
build-up of mites was due to the destruc- 
tion of the mite predators and parasites 
or to a change in the physiology of the 
mites or their host or both, is not known.” 
The predator explanation has un- 
doubtedly had the most vociferous sup- 
port. To the writers’ knowledge there has 
been no mention of an inhibiting influence 
over red mites due to the lead arsenate 
spray program itself. The use of oil as a 
“spreader” seems to have been a common 
practice in this state. 

With the advent of this problem in the 
pear industry in California the Division 
of Biologicai Control of the University of 
California initiated a broad ecological 
study designed to ascertain, if possible, 
whether the destruction of mite predators 
by DDT has given rise to the problem, 
and, if so, to alleviate the situation by re- 
stocking the orchards with such predators 
at critical times. It seemed obvious that 
an evaluation could be effected only by 
studying, as a unified investigation, the 
whole complex consisting of the mites, 
their natural enemies, and the common 
insecticidal practices under field condi- 
tions. 

Srupigs iN 1948.—The first tests were 
designed to learn if either DDT sprays or 
injections would produce increases in red 
mites above that occurring on untreated 


Table 1.—Two-spotted mite eggs (produced in 
Munger cages) per mite from the third to sev- 
enth days, inclusive, on DDT-injected, on DDT- 
sprayed, and on check bean leaves. 








Lear NUMBER 


TREATMENT Leaflet 1 2 3 4 Mean 
1 30.6 36.1 27.6 37.5 
2 27.0 32.5 28.0 28.7 
Check 3 $5.3 41.4 38.3 35.3 
Combined 30.9 37.0 30.1 34.8 33.2 
Carrier 1 33.3 40.7 20.8 40.2 
Check 2 29.2 21.0 23.4 32.4 
3 29.8 32.0 34.5 40.6 
Combined 30.9 31.3 25.9 37.5 31.4 
DDT 1 38.7 34.2 28.1 27.8 
Injected 2 $4.4 $5.1 22.0 25.4 
$ 32.1 36.6 32.9 34.1 
Combined 34.7 35.3 28.2 29.7 32.0 
DDT-Sprayed 1 37.0 30.0 30.9 35.5 
2 $9.6 30.3 23.2 36.5 
3 $3.4 30.6 33.7 30.6 
Combined 39.9 30.3 29.2 34.2 33.4 





plants in the absence of natural enemies. 
Companion tests on the effects of mass re- 
leases of one common mite predator, 
Chrysopa californica Coq., were carried 
out in pear orchards in Santa Clara and 
Placer counties. 

Munger Cage tests.—In order to utilize 
the winter period when pears are dor- 
mant, preliminary tests were conducted 
with the two-spotted mite, Tetranychus hi- 
maculatus Harvey, on string beans in the 
laboratory. Beans were selected because 
of the work of Chapman & Allen (1948) 
indicating a hormone-type effect of DDT 
on this plant. DDT-sprayed, DDT- 


1 Presented in essential part at the Thirty-Fourth Annual 
Meeting of the American Association of Economic Entomolo- 
gists, Pacific Slope Branch, meeting at Santa Cruz, California, 
June 15, 1950. 

2 Norman D. Waters, now in India with the U.S.D.A. 
Bureau of Entomology and Plant Quarantine, Division of 
Foreign Parasite Introductions, was engaged in this study dur- 
ing 1949 and contributed to the work both in ideas and actual 
labor. 
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injected (Huffaker 1948), and check leaves 
were used in Munger (1942) cage tests on 
the fecundity of adult females. As shown 
in table 1, the uniform egg production 
both between and within the different 
treatments shows that neither DDT in- 
jections nor surface leaf treatments had 
any effect under these conditions. 

During 1948 and 1949 many additional 
Munger cage tests with pear leaves were 
conducted. The results were variable. 
At times mites on leaves from DDT- 
sprayed trees produced fewer eggs than 
those on unsprayed trees. At other times 
the reverse was so. More frequently, how- 
ever, there was no significant difference 
between the two groups. There is some 
evidence that the growth phase of the 
host plant (pear), particularly late in the 
season, may have a marked effect upon 
the fecundity of red mites. DDT may 
conceivably hasten or retard such phases 
of pear growth and thereby change the 
time phase of mite economics within 
limits. The overall conclusion from these 
tests, however, is that the differences be- 
tween DDT-treated and untreated de- 
tached leaves has neither been consistent 
nor of a quantitative order sufficient to 
explain the very marked differences in 
the red mite picture on pears in California 
under the DDT spray program compared 
to that prevailing under the old lead 
arsenate program. The work of Chapman 
& Allen (1948) pointing up the delicate 
relationship between DDT concentration, 
timing, plant species, and hormone re- 
sponses cautions against a rejection of the 
“stimulation” theory. Also, considerable 
field data, though inconsistent, strengthen 
the theory as a partial] explanation. 

Field tests—During the summer of 
1948, a plot of young pear trees at Gold 
Hill, El Dorado County was set up for 
following the field populations of red 
mites and their predators under several 
treatments. In order to reduce the hetero- 
geneity due to host plant differences in 
comparing the DDT-treated with the un- 
treated condition, seven trees were sprayed 
on one side and left upsprayed on the 
other. The sprayed halves received one 
treatment at 1.5 lbs. of 50 per cent wet- 
table DDT per 100 gallons and second 
and third treatments at 1 Ib. Six addi- 


tional trees were sprayed with DDT, 6 
left unsprayed, and 6 trunk-injected with 
DDT.! Only the European red mite, Para- 
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tetranychus pilosus C. & F., developed and 
it did not reach a high level of density. At 
no time during the summer were the in- 
festations significantly different under the 
several treatments, though there was an 
unconsistent tendency toward a_ higher 
population on the DDT-treated half-trees, 
compared to the untreated half-trees. 
Treated and untreated halves of the same 
tree were more nearly comparable than 
were other, similarly-treated trees. Preda- 
tors were few in number and inconsist- 
ently present within or between treatment 
conditions. 

A plot was set up at Mt. Vernon to com- 
pate the untreated with the DDT-treated 
condition in adjacent blocks. Unfortu- 
nately the block position was not repli- 
cated, though five tree replicates were 
used in the untreated block and nine in 
the DDT block. The data, taken alone, 
are not of particular interest, but, together 
with other data, indicate that DDT on oc- 
casion may produce a definite “stimula- 
tive” effect upon mite production inde- 
pendent of the natural enemy factor, 
compared to the untreated condition. 
The average eight-legged European red 
mite populations per leaf on July 13 (the 
critical date) for the 2 groups were: 

1) 5 untreated trees—1.4, 2.1, 2.4, 1.3, and 1.3 

with a mean of 1.7. 

2) 9 DDT-treated trees—6.5, 6.6, 7.5, 4.6, 

3.3, 6.9, 1.9 and 5.3 with a mean of 5.2. 


The differences are very marked but block 
position variance is an important source 
of error, unless considered with other 
similar data. Predator counts throughout 
the summer indicated little influence from 
the natural enemies. 

Releases of Chrysopa®—Mass releases 
of Chrysopa californica Coq. eggs in three 
DDT-sprayed pear orchards were made 
in 1948, and counts of mites were taken 
every 3 weeks in one orchard and twice 
(correlated with the rise of the popula- 
tions) in each of two other orchards* 
(table 5). The results were uniform. The 
Chrysopa demonstrated a definite, con- 
trolling influence of secondary importance 
over the population levels of the European 


1 Analyses of leaves by Mr. O. H. Fullmer revealed DDT 
contents from 10 to 18 parts per million. 

2? Thanks are due Mr. Glenn L. Finney 
reared the material for release. 

3 The authors are indebted to Dr. R. L. Doutt who permitted 
the following of the mite populations on these and other pear 
trees utilized by him in his studies on the mass release of Chry- 
sopa against the Baker mealybug on pears (Doutt & Hagen 
1949). 


and assistants who 
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Table 2.—Naturally-occurring European red mites per leaf on DDT-sprayed and unsprayed young 
pear trees in a greenhouse in the absence of predators.! 








42.6 
82.9 


Check trees 


19.2 
DDT-sprayed trees 47.7 


44.5 
94.6 


4 34.6 19.4 m 32.6 - 
8 


5 
73 m 68.5 





! Counts taken on July 12, 1948. The differences tested highly significant. 


red mite. In the orchard which was fol- 
lowed throughout the summer there was, 
early in the season, a very marked in- 
fluence over the population of 2-spotted 
mites which was entering the trees from 
a limited number of weeds and concen- 
trating on the low succulent shoots at the 
bases of the trunks. In this orchard, which 
was sprayed only twice with DDT, 
Chrysopa came in naturally during July 
and built up such a large population in 
August that mass releases were dis- 
continued. 

The overall control in these plots (the 
general infestations were overwhelmingly 
of the European red mite) was roughly a 
50 per cent reduction at the periods of 
heavy mite densities. There was some less 
leaf bronzing and dropping, but the mite 
populations, nevertheless, were able to 
continue to increase in the face of huge 
Chrysopa releases, and reached levels of 
considerable economic importance. This 
stocking of trees with Chrysopa early in 
the season did not, in the Sierra foothill 
area, materially increase the subsequent 
Chrysopa numbers unless mealybugs or 
aphids were sufficiently present to permit 
maturity of the predatory larvae. 

Greenhouse tests in the absence of pred- 
ators.—Six randomly selected, second- 
year nursery pear trees were sprayed with 
1.5 lbs. of 50 per cent DDT per 100 gal- 
lons and these and six randomly selected 
unsprayed trees from the same group 
were followed in a greenhouse and counts 
taken when the naturally-present Euro- 
pean red mite populations had appreci- 
ably increased. The results, table 2, show 
that the DDT produced a population 
about double that on the check trees by 
Juue 12. Although the DDT produced an 
earlier rise in the population, very shortly 
thereafter both the check and sprayed 
trees developed populations so heavy 
that they were completely defoliated. 

Srupigs iN 1949.—During 1949, field 
counts of natural populations of mites and 
their predatory enemies were made on 
trees of several treatment classes. Green- 
house tests were conducted on the effects 


of air movement, and on the possible re- 
sidue or hormone influences. 

Greenhouse tests under three levels of air 
movement.—Experiments were set up in 
two greenhouses to learn if there are im- 
portant independent or associated rela- 
tions between wind movement, DDT resi- 
dues (Holloway et al. 1942), and mite 
densities developing on young pear trees 
in the absence of predator populations. 
The experimental design was three repli- 
cations of a common 3 by 3 latin square 
set up—one latin-square arrangement for 
each of three greenhouse benches for each 
of the two species of red mite used. The 
test for the European red mite, in a differ- 
ent greenhouse, had to be abandoned due 
to the disturbing influence of whiteflies. 
The greenhouse was, after fumigation of 
the test trees, stocked with the two- 
spotted mite. Wind velocities were de- 
veloped by using an electric fan at each of 
the benches. Three wind-intensity levels 
were applied at each bench. This was ac- 
complished by spacing the young trees 
measured distances from the fans. 

One group of trees was left as unsprayed 
checks. One group received two DDT 
spray treatments of standard field 
strength (1.5 lbs. per 100 gallons for the 
first treatment and 1 |b. per 100 for the 
second treatment). The third group re- 
ceived two dust treatments of DDT at 5 
per cent concentration in pyrophylite. 
These two latter groups were used to com- 
pare two different physical types of resi- 
due in treatments of similar toxic nature. 

The results, tables 3 and 4, soon after 
the tests were initiated showed that 
strong wind is an inhibiting factor in the 
early development of a two-spotted mite 
population. It had been felt that perhaps 
a heavy residue of a certain type might 
produce an ameliorating effect upon this 
influence of a strong wind but the data 
do not indicate that the residues used 
were influential. Later counts showed only 
a leveling effect in all trees, due to the ap- 
pearance of the density-dependent, con- 
trolling influence of food supply (Hender- 
son & Holloway 1942). As this factor be- 
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Table 3 thteseninsma—a leaves infested with 2-spotted mite on greenhouse pears on June 2. 








CHECK 
WIND IN Tree Replicate 
FEET PER ae 
MINUTE 1 2 3 m 1 
625 20 20 30 23 40 
385 30 20 30 27 40 
225 100 80 40 73 100 


“Tree Rewlicate 


DDT Spray 


Tree Replic ate 


DDT Dust 





2 3 m 1 2 3 m 
30 40 37 10 50 50 37 
40 40 40 40 40 60 47 
50 50 67 40 70 50 53 





came more pronounced the influence of 
the wind factor became masked by it and 
all trees ran the course of moderate to 
severe mite injury—all became essentially 
unsuitable to mite increase regardless of 
whether they lost their leaves entirely or 
only partially. 

Differences between treatments were 
not well marked although the infestations 
on the check trees were highest. The re- 
sults, therefore, are not in conformity with 
those on the young greenhouse trees the 
previous season when DDT seemed to 
produce a “stimulating” influence on 
productivity of the European red mite. 
It should be remembered, however, that 
in this case the 2-spotted mite is the one 
concerned. 

Field tests—It was felt that the field 
population studies on DDT-treated and 
untreated trees in 1948 did not adequately 
answer the questions concerning the pred- 
ator—treatment relationship. The count 
dates had been at two great intervals, and 
the numbers of leaves taken for predator 
counts had been the same as that used for 
the red mites, though additional predator 
counts had been taken under bands and 
in wadded cloths placed in limb crotches 
as traps. Population counts of red mites 
and predators were made every 2 weeks 
throughout the summer. The number of 
leaves taken per tree for the predator 
counts was increased from 25 in 1948 to 
200. The counts were from visual ob- 
servations on branches in the field and 
included all stages of predators. The mite 
counts were held at 25 leaves per tree and 
the Henderson sampling technique was 
again used. 

The check trees in 1948 did not form a 
basis of comparison with DDT repre- 
sentative of that reputed to have existed 
in lead-arsenate-treated areas at the time 
of shift from the lead arsenate to the 
DDT codling moth control program. It 
seemed probable that recent DDT spray 


programs in a given orchard may have so 
lowered the predator populations that the 
important species could not make their 
return effective in the short span of a 
single season. Two growers were located 
who had not shifted generally to the 
DDT program and from them plots were 
obtained which had experienced a lead 
arsenate spray program in 1948. The same 
program was to be followed in 1949. 

In these orchards two randomized-block 
experiments were arranged. In each block 
of 6 trees, one tree received four lead arse- 
nate spray treatments,' one received one 
treatment of 50 per cent wettable DDT? 
one received 2 DDT treatments; one, 
three DDT treatments; and one, four 
DDT treatments at one fourth strength; 
and one, no treatment. 

Statistical analysis of the data.—Table 
6 presents a summary of the red mite in- 
festations during the summer at the two 
localities studied. The differences due to 
the different treatments were highly sig- 
nificant, as were the differences between 
locations and between positions. Certain 
rows were consistently high mite pro- 
ducers regardless of treatments or pred- 
ator populations, while others were con- 
sistently low. The statistical analysis per- 
mitted an appraisal of the significance of 
the treatment differences even in the 
presence of these disturbing differences 
due to other causes. The conspicuous vari- 
ability in red mite occurrence is well 
stated by Smith (1950) who, after 10 years 
of study of red mites on grapes, stated 
“Each district may vary from its neigh- 
bor; and finally each vine may pass 
through cycles of infestation, earlier or 


1 No spreader and at the rate of 4 lbs. per 100 gallons applied 
by hand rig at 400 lbs. nozzle pressure. 

2 DDT treatments at petal fall were at the rate of 1.5 lbs. per 
100 gallons; after petal fall at the rate of 1 lb. per 100 gallons. 

D. Borden suggested the possible mite-controlling influ- 

ence of the high washing effect of the old lead arsenate spray 
program. This test was an effort to obtain destruction of pred- 
ators with a low hormone effect and a physical washing effect 
equal to that of the lead arsenate treatment. 
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Table 4.—Eggs and young two-spotted mites on seven leaves from greenhouse pears on June 11 
under 3 levels of wind velocity. 











CHECK DDT Dust DDT Spray 

WIND IN Tree Replicate Tree Replicate Tree Replicate 

FEET PER - - — - = - 

MINUTE 1 2 3 m l 2 3 m 1 2 3 m 
625 146 276 102 = 175 104 60 170° Iii 58 38 202 99 
385 148 194 472 271 324 196 242 254 112 106 270 183 
225 712 290 308 439 176 486 154 272 452 254 140 282 

m 295 212 188 





later than its neighbors.” He found that 
the predatory mite, [phidulus sp., often 
controls the Pacific mite on grapes while 
simultaneously permitting a rise to a high 
level of the Willamette mite on the same 
vines. The predator cannot catch the 
Williamette mite. This very interesting 
discovery accentuates the need for basic 
ecological studies along these lines. The 
important work of DeBach et al. (1948) is 
another example of uncovering the subtle 
effectiveness of natural enemies. 
Population trends at Penryn.—Figure 1 
portrays the general pattern of red mite 
and predator populations associated with 
the various treatments at the Penryn 
orchard. The average mite densities under 
the lead arsenate and weak DDT treat- 
ments were only about two-thirds those 
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Fig. 1.—Average European red mite and predator 
populations on Bartlett pears in a randomized block 
experiment at Penryn, California, 1949. Designa- 
tions 1D, 2D and 3D refer to one, two and three 
treatments, respectively, of standard strength 


DDT; C, W, and Pb refer, respectively to check, 
weak DDT, and lead arsenate treatments. Each 
graph is an average for 6 trees. 


of the other treatments. This appears to 
have been due to the timing and frequency 
of the washing effect. Densities in the 
check trees, where no material was present 
to interfere with the predator popula- 
tions, were comparable with the DDT- 
treated trees. 

The build-up on the check trees was not 
hindered by the physical washing effect 
experienced by the DDT and lead arse- 
nate-treated trees. Hence, the data do not 
strictly refute the possibility of a ‘‘stimu- 
lation” under DDT, and led, in part, to 
the design of the field tests of 1950 when 
the ‘‘checks” received water treatments. 
The natural enemies were more abundant 
in the DDT-treated trees and, if in- 
fluential at all, had a depressing effect 
upon the mite populations under DDT 
treatment, compared to the untreated 
condition, and obscured the possible 
“stimulative” effect. 

There was no consistently logical corre- 
lation between predator and red mite 
densities indicative of a predatory, deter- 
minative influence. Such correlations as 
were evident reveal only that the pred- 
ators responded in certain cases to the 
mite food supply by increasing in num- 
bers. When inhibited by a late (third) 
DDT treatment, predators failed to re- 
spond to the abundance of food to the 
same degree. Ranking of the treatments 
within the rows showed a consistent in- 
fluence due to treatments when the com- 
parisons were thus expressed on a relative 
basis independent of the row to row 
heterogeneity in actual numbers. 

The timing of the decline in mites or the 
levels of density reached in this orchard 
was not dependent upon predator in- 
fluences. Though the periods of rise and 
the peaks in density were dependent in 
part upon treatment differences, the 
timing of the decline was not dependent 
primarily upon either the nature of the 
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Table 5.—Eight-legged European red mites 
per leaf in DDT-sprayed orchards receiving in- 
a oe el californica Coq. eggs. 








Onc HARD 


Stand- Chin- 
Holmes ish chen 
July 13 July 29 ) July 16 
DDT Block 6.5 
6.6 3.3 15.2 26.4 
7.5 6.9 27.4 9.4 
4.6 1.9 $1.0 18.8 
4.1 5.3 26.6 20.2 
m 5.2 25.0 18.7 


Chrysopa-release 





DDT Block 2.6 3.8 2.2 7.8 
2.3 3.0 10.4 3.6 
1.5 1.4 13.8 14.4 
2.4 4 6.0 7.6 
m ©. 2 8.1 8.4 
treatments or the levels of density 


reached, but was obviously associated in a 
dependent manner with the climatic 
seasonal picture, quite possibly a direct 
result of changes in tree physiology. On 
four successive years European red mites 
in the Sierra foothill area have sharply 
declined in late July or early August; as 
contrasted with similar declines in Sep- 
tember or even later in the Santa Clara 
Valley region. These declines have been 
observea to cccur in orchards relatively 
free of predators as well as in orchards 
having high numbers of predators. 

By viewing the individual graphs for 
each of the 36 trees (not herein presented) 
it was seen that the decline in mites was 
very sharply timed—from July 19 to 
August 4 in every tree. This was true re- 
gardless of whether the mite population 
of a given tree, or a given row, was high, 
low, or medium; or whether the associated 
predator populations had been at any 
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time during the season, or for the season 
as a whole, high, low, or medium. 

To elucidate further that the time of 
mite decline in this orchard was not de- 
pendent upon the specific levels of in- 
festation reached, it is possible to com- 
pare the developmental success from egg 
populations on comparable trees. By 
picking trees for comparison from the 
same treatment groups, one of which 
reached an egg population level on July 
19 comparable to that reached by the 
other on July 5, it is pogsible to show that 
it was the difference in seasonal timing 
which curtailed mite development from 
equivalent egg populations. The egg popu- 
lation on lead arsenate tree No. 30 was 
440 per 25 leaves on July 19 (this tree was 
just becoming heavily infested) wher 
lead arsenate tree No. 33 was comparable 
at 360 eggs per 25 leaves 2 weeks earlier. 
The mites which developed from these re- 
spective egg populations during a 2-week 
period in each case were in no way com- 
parable. No 8-legged mites had dey eloped 
from the 440 eggs on tree No. 30, whereas 
120 (or one-third of the eggs) had de- 
veloped from the smaller number (360) of 
eggs on tree No. 33. Other tree examples 
generally comparable in all other known 
ways are shown in table 7. The data show 
conclusively that it was not the degree of 
preinjury which accounted for the sudden 
and uniform disappearance of red mites 
from the orchard and points to an in- 
herent seasonal behavior pattern as the 
determinative influence. 


Population trends at Sunnyvale.—F igure 
2 shows the population changes in red 


mites and predators throughout the sum- 
mer at the Sunnyvale plot. Viewing a 
given graph, it is the area enclosed below 
the heavy line rather than the height of 
the curve which is most important. Thus, 
for the 3 DDT group the total infestation 
recorded in the samples for the six repli- 


Table 6.—European red mites under different treatments (total of 5 counts of 25 leaves per tree’). 








SUNNYVALE LocaTIoNn 





Penryn Location 


Biock C 3D 2I 7 q D Ww Pb Sum Bock Cc 3D 2D 1 D- Ww Pb Sum 
1 118 300 198 255 298 100 1269 7 418 267 328 271 263 242 1789 
2 116 230 77 136 106 100 765 8 362 417 212 263 188 229 1671 
3 178 108 138 130 62 48 664 9 249 390 226 474 178 146 1663 
4 81 199 135 119 87 77 698 10 132 341 192 172 235 187 1259 
5 217 125 196 65 46 112 761 ll 147 180 129 235 84 30 805 
6 345 269 188 246 89 71 1208 12 110 147 251 203 134 180 1025 
Sums 1055 1231 932 951 688 ~ 508 5365 Sums 1418 1742 1338 1618 1082 1014 8212 





1 The treatment designations are explained under Figures 1 and 2. 
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Table 7.—Evidence of seasonal timing and the resultant host plant changes influencing mite devel- 
opment (Penryn data). 





CoMPARABLE Eaa PoruLations REACHED 


























5 July 19 July 
Tree Eggs Mites Ratios Tree Eggs Mites Ratios 
‘TREATMENT No. 5July 19July Mites: Eggs No. 19 July 4 Aug. Mites: Eggs 
PbAs 33 360 120 1:8 30 440 0 None 
Weak DDT + 400 210 1:2 29 408 0 None 
Check 6 688 292 1:2 31 656 7 1:163 
3 DDT 8 1134 308 1:4 36 1028 2 1:514 





cates at Sunnyvale was 1231 compared to — lations during this time are not the expla- 
only 508 for the lead arsenate-treated nation of the subsequently lower mite 
group—-nearly 2.5 times as great. The populations on these and the weak DDT 
peak of the curve, however, is only about _ trees. In the very early part of the season 
50 per cent higher. The comparisons of the the factor of physical removal and dis- 
total infestations can be seen in table 6. turbance of red mites by the application 
The lead arsenate- and weak DDT-treated of large volumes of water under high 
trees did not initiate a real mite increase pressure is seen to have been negligible, 
until July 25 when the full strength DDT for the mite populations at that time 
and check groups had already attained (April 15 to May 7, inclusive—the period 
sizeable mite populations. The peaks were during which the early sprays were ap- 
later and the seasonal totals lower. Again, plied) were extremely low throughout the 
the physical washing effect appears to be orchard. Regardless of the effects of these 
the explanation. Later results, table 8, early sprays upon the initial red mite and 
show that lead arsenate alone had no in- predator populations (which were ob- 
hibiting influence when used in detached- served to be negligible), the lapse of a 
leaf tests. period of about 5 weeks without treat- 

The general conclusions from the aver- ments during early summer permitted 
age, seasonal curves are essentially the the trees of the several treatment groups 
same as for the data at Penryn. The repe- to develop approximately equal popula- 
tition of the results in an entirely different tions of both mites and predators by the 
area confirms the trends. latter half of June. The red mite popula- 

The lead arsenate trees alone probably — tions for all treatments were still negli- 
had significantly different predatory pop- gible on June 16, the date of the first in- 
ulations early in the season (June 16—- tensive count. The Chrysopa present at 
June 28), 2.e., 2 months after the first this time were undoubtedly feeding 
sprays were applied. Since the predators mostly upon aphids and mealybugs as 
were fewer on the lead arsenate trees dur- mites would have been insufficient as food 
ing the early season, the predator popu- for the Chrysopa populations present at 


Table 8.—The residual action of a light summer oil “‘spreader’’ on the hatchability of European red 
mite eggs and on the developmental success of nymphs from eggs placed on pear leaves treated 48 
hours earlier. (Period of tests, 15 days) 











FoLLowinG 4TH TREATMENT FoLLowineG 61TH TREATMENT 


Per Cent 


Per Cent 





Inrv1Au No. Nymphs Total Nymphs Total 
Eaos IN Hatched to to Hatched to to 

TREATMENT = Eacu TrEst Eggs Mature Mature Eggs Mature Mature 
Check 60 56.7 55.9 31.7 45.0 51.9 23.3 
PbAs 60 46.7 67.9 $1.7 76.7 50.0 38.3 
Oil 60 26.7 21.a 3.3 18.3 18.2 3.3 
PbAs & Oil 60 46.7 3.6 1.¢ 53.8 21.9 Bust 
DDT 60 58.3 62.9 36.7 61.7 48.6 30.0 








$26 


that time. Most of the predators present 
were Chrysopa. 

The difference in trends between the 
dates of June 16 and September 1 must 
have arisen from differences in treatments 
subsequent to July 12 or have been due to 
“delayed reactions” to earlier treatments. 
The single treatment of July 12 on the 
trees of the three DDT group did not pre- 
vent a sharp rise in the red mite popula- 
tion immediately subsequent to that date. 
This sharp increase was consistent for 
most of the trees for all groups except 
those of the weak DDT and lead arsenate 
groups (even considering the curves for 
the individual trees). These two groups 
had one characteristic in common—2.e., 
both received a spray treatment on June 
28 and again on July 12. The effects of the 
physical force of the treatment must have 
been sufficient to have delayed the 
otherwise rapid increase of mites. Preda- 
tor populations immediately prior to and 
synchronous with this period were lower 
in general on these trees, and hence the 
action of predators is not the explanation. 

It is illuminating that predators 
throughout the summer were either equal 
to or lower in numbers on the lead arse- 
nate and weak DDT groups, as compared 
to the other groups. A key to the evidence 
of a lack of a controlling predatory action 
is the population pattern on the check 
trees. In this orchard also the untreated 
trees developed mite populations gener- 
ally comparable with those on DDT- 
treated trees whereas the densities on 
lead-arsenate-treated trees were both 
lower and delayed in development. As 
stated in the discussion of the Penryn data 
the check trees were not subject to the 
physical washing effect. 

After a close study of individual 
graphs for the 72 trees of the two orchards 
it became obvious no evidence of a major 
predatory influence over the respective 
mite population levels in these pear or- 
chards is presented. The possible correla- 
tions in evidence of such a relation were 
studied and closely considered from all 
these angles for both orchards. The only 
obvious correlation was one of dependence 
of the predatory species upon their food 
supply, a part of which was furnished by 
red mites in the case of Chrysopa and all 
of which in the case of Stethorus. Triphleps 
sp. was the only other predator of any con- 
sequence whatever. 
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Large block comparisons.—It was felt 
that the mite population differences be- 
tween the lead arsenate-treated and 
DDT-treated trees, as observed during 
these tests, even after considering the 
proximity of each treatment tree to those 
of other treatments, did not represent 
the striking differences observed in vari- 
ous orchards. Counts were made in one 
such lead-arsenate-sprayed orchard at 
Penryn in 1949. Fortunately, a sizeable 
adjacent DDT block was available for 
comparison. This orchardist had used two 
DDT sprays and three lead arsenate 
sprays, respectively, in the two blocks 
taken for counts. He had incorporated 1 
gallon of a light medium summer oil as a 
“spreader” in his lead arsenate spray. The 
data revealed striking differences in the 
mite populations. The complete absence 
of predators in the lead arsenate blocks 
indicates that they had nothing on which 
to feed and were not the cause of the ab- 
sence of the mites. Examinations early in 
the season had likewise demonstrated the 
absence of predators. The comparable 
means on 25 leaves per tree for eight- 
legged mites, eggs combined with the 
first-stage mites, and predators on July 6 
were: 

1) 64 mites, 1161 eggs and first stage mites, and 

4 predators for the DDT block. 

2) 1 mite, 13 eggs and first-stage mites, and no 

predators for the lead arsenate block. 


There were 12 trees represented for each 
treatment and the results were so consist- 
ent that the replications are not tabulated. 
It was later learned that the use of oil as 
a “spreader” in the old lead arsenate pro- 
gram on pears in California was a fairly 
general practice, at least in certain re- 
gions. 

Srupiges IN 1950.-During 1950 the 
field and laboratory work was designed 
to evaluate the influence of additions of 
oil “spreader” in the lead arsenate tank 
mix. The checks were sprayed with water 
to equalize the physical washing effect of 
the spray applications. Munger cage and 
other laboratory tests were conducted to 
establish the effectiveness of oil at the 
concentration used and to check this 
against lead arsenate alone to determine 
if the latter has an inbibitive influence. 

Laboratory tests.—Table 8 presents re- 
sults showing the effect of oil alone or in 
combination with lead arsenate on the 
egg hatch and subsequent development 
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of European red mites from eggs placed 
on the leaves 2 days after a respective 
treatment. The method of handling the 
egg transfers was obviously a source of 
considerable mortality though the mortal- 
ity from oil action above that occurring 
under the untreated condition was con- 
spicuous. The oil alone produced a high 
residual mortality of eggs, amounting to 
73.3 per cent and 81.7 per cent, respec- 
tively, following the fourth and_ sixth 
treatments, whereas the corresponding 
egg mortalities under the untreated condi- 
tion were 43.3 per cent and 55.0 per cent, 
respectively. The lead arsenate and oil 
together failed to affect egg hatching from 
residual action alone (though effective as 
a direct acaricide), possibly because of 
absorption of the free oil by the lead 
arsenate particles. 

The oil alone, or combined with the 
lead arsenate, had a residual effect on the 
nymphs expressed in mortality, prolonged 
development, and lack of vigor. While ap- 
proximately a third of the original eggs 
developed into mature mites under the 
DDT, check, and lead arsenate treat- 
ments, only 3.3 per cent did so under the 
oil treatment and an average of 6.7 per 
cent for the lead arsenate and oil combina- 
tion. In this connection, Chapman & 
Lienk (1950), in discussing field results, 
stated, ““Mite populations built up more 
rapidly in dinitro than in oil plots even 
though the indicated initial kill of eggs 
with the two materials was the same.” 
They suggested that this was due to a bet- 
ter kill of eggs by oil throughout the tree 
due to its superior coverage properties, 
but it appears that the residual action of 
the oil may have been the explanation. 

Tests were conducted to establish the 
direct toxicity to the European red mite 
of the particular oil employed at the con- 
centrations used in the field tests. The 
results showed a high direct toxic action 
on all stages of the mite. This result 
would be generally expected and the data 
are therefore not presented. However, two 
points seem to have missed close consider- 
ation when, as was so, many growers and 
entomologists have felt that the European 
red mite problem on Bartlett pears in this 
area must be associated with the destruc- 
tion of predators of the mites through ap- 
plications of DDT. The view was common 
that the oil used as “spreader” was ap- 
plied in too small quantities and the ap- 
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Table 9.—Influence of lead arsenate plus oil 
‘‘spreader,’’ DDT, and water alone on field popu- 
lations of European red mites on Bartlett pears at 
Penryn, California, 1950. 








8-LeEGGED MiTEs oN 25 LEAVES PER 
TREE For 4 Counts THROUGH 





JUNE 14! 
Total 
TREAT- Tree -—_——— 
MENT No. Block 1 Block 2 Means 
Water only 1,5 23 62 
2,6 26 46 
Ea | 53 0 
4,8 44 4] 
Totals 146 149 295 
m= 36.9? 
DDT 1,5 68 184 
2, 6 56 240 
£7 74 106 
4,8 62 174 
Totals 260 704 964 
m= 120.35? 
PbAs and 15 2 0 
oil 2,6 2 7 
S57 6 12 
4,8 6 2 
Totals 16 21 aa 


m=4.6? 


1 June 14 appeared to be a critical date, since the last oil and 
lead arsenate was applied on June 1 and the effects later wore 
off. By 27 June, 2 of the 8 lead arsenate- and oil-treated trees 
had begun to build up mite populations though the other 6 
were still very low. 

2 Mean treatment differences are highly significant. 


plications not properly timed as an effec- 
tive acaricidal measure. It seems obvious 
that the incorporation of oil in the petal- 
fall and early cover sprays, even at smaller 
concentrations than 1 per cent, effected a 
mass destruction of overwintered eggs 
and young nymphs at a period when the 
populations had already reached their 
lowest annual levels as a result of normal 
environmental pressures and general win- 
ter pest-control practices. The repetition 
of this procedure at such frequent inter- 
vals, remembering, at the same time that 
the material has some residual toxicity, 
appears to have been sufficient to explain 
the formerly mild, but not in all cases 
inconsequential, European red mite prob- 
lem in this local industry. 

Field tests—Table 9 presents further 
evidence of the controlling effect of the 
use of oil ‘‘spreader’’ with lead arsenate. 
In this connection, the grower whose 
orchard was used in 1949 at Sunnyvale 
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used only 1 quart of kerosene as a 
“spreader” in 100 gallons of lead arsenate 
spray, vet he had relatively good red mite 
control until after harvest in his orchard 
which surrounded the plot reported upon 
in this paper where mite populations built 
up sooner and much heavier in_ trees 
sprayed with lead arsenate alone. Euro- 
pean red mite increase on 4 trees in each 
of two 16-tree blocks treated with lead 
arsenate and oil “spreader” during the 
summer is shown to have been very slow 
indeed compared to trees which received 
water alone or DDT.! The lead was ap- 
plied at 4 lbs. per 100 gallons of spray at 
400 lbs. nozzle pressure. At petal fall the 
oil was omitted from the treatments but 


included in the 2 subsequent treatments.- 


The entire plot had to be discontinued and 
treated with a commercial acaricide late 
in July in order toavoid heavy loss to the 
grower from the large red mite popula- 
tions which had developed in the check 
and DDT trees. 

The total 8-legged mites on the sample 
leaves of the four trees of each block were 
only 16 for block 1 and 21 for block 2 com- 
pared to 146 and 149 for the water treated 
checks and 260 and 704 for the DDT- 
treated trees in blocks 1 and 2, respec- 
tively. 

The high populations for the DDT 
treatments emphasize, again, that DDT 
may produce an increase in red mite popu- 
lations above that occurring on check 
trees under conditions which, though not 
understood, are not explainable on the 
basis of the natural enemies. There was a 
highly significant difference between the 
treatments as a whole. Also, when the 
DDT was compared against the check 
(or water-treated group) the mean differ- 
ence was highly significant. 

The data in table 9 show that the mean 
number of red mites per tree sample (4 
counts) was 120.5 for the DDT group, 
compared to 36.9 for the trees treated 
with water only and only 4.6 for those 
treated with lead arsenate and_ oil 
“spreader.” 

The striking variation between the 
DDT-treated trees in block 1 as compared 
with block 2, whereas the results in these 
1 blocks were essentially the same under 
the lead arsenate and the water treat- 
ments, suggests a significant interaction 
between DDT and specific block position. 
This will be discussed in the last section of 
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the paper—‘Summary and Conclusions.” 

That the use of oil in the lead arsenate 
spray program is the one master factor 
contributing to the relative absence of 
the European red mite under the condi- 
tions of these studies is verified by the 
work in 1950. The data discussed under 
“studies in 1949” showed a very striking 
difference between the populations in ad- 
joining DDT-treated and lead arsenate- 
and oil-treated blocks. However, in that 
case there was no replication of blocks to 
remove the often-important factor of 
variation in block position. In 1950, the 
blocks were replicated, and the very great 
controlling influence of the small amount 
of oil used as a spreader was repeated. 
Water had been applied to the check trees 
to eliminate the variable of physical wash- 
ing effect. Such an effect had been shown 
by the studies in 1949. 

Close observation of the graphs for the 
individual trees, figure 3, by treatments or 
by blocks gave no indication that the 
predators recorded exerted any influence 
of a practical nature. This also was true 
in the case of the 2 field plots in 1949. The 
predator counts were again based upon 
visual counts in the field of all stages of 
predators on 200 leaves per tree. Supple- 
mental records were obtained from the 
brushed plates. 

The highest early season Stethorus 
populations occurred on DDT trees Nos. 
5 and 8, one of which developed the high- 
est red mite population, and the other 
was among the 4 highest trees in the 
plot. The four trees of highest late-season 
Stethorus populations were check tree 
No. 8 and DDT tree No. 1, which devel- 
oped red mite populations of moderate 
densities, and DDT trees Nos. 5 and 7 
which had mite densities among the high- 
est five trees. Declines in mite densities 
were observed between June 14 and June 
27 in 1 of the four DDT trees of block 1 
and in three of the four DDT trees in 
block 2. These declines may be a partial 
result of high late-season predator action, 
but it seems likely that leaf deterioration 
itself contributed most. At any rate, the 
mites had already reached serious destruc- 
tive levels before such declines appeared— 
in fact, the most severe in the plot. Leaf 
cage studies in 1949 had shown that such 

1 DDT was applied at 1.5 lbs. on the petal-fall spray and at 


1 Ib. per 100 gallons for 2 subsequent treatments. Both DDT 
and water were applied at 400 Ibs. nozzle pressure. 
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leaves had lost the capacity to produce 
mites. 

Stethorus remained almost entirely ab- 
sent from the trees which received lead 
arsenate and oil “spreader,” hence the 
low level of red mites on those trees was 
in no way correlated with Stethorus ac- 
tion. Adequate food was not present for 
Stethorus on those trees. 

Chrysopa californica was the only pred- 
ator which was consistently present 
throughout the DDT and water-treated 
groups. Even this predator was extremely 
rare in trees treated with lead arsenate 
and oil, and hence the conspicuously low 
red mite populations in trees so treated 
compared to those treated with DDT, was 
not due to action of this predator. Mite 
population differences between the water- 
treated and DDT-treated trees, though 
markedly different in block 2, could not 
be interpreted as due to differences in the 
Chrysopa or other predator populations. 
On the average in this block, though in- 
consistently, Chrysopa were slightly more 
numerous in water-treated trees on April 
26 and May 16, but by May 31 in the 
DDT-treated trees it had surpassed in 
numbers those in the water-treated trees. 
Immediately afterward, mites increased 
in a much more pronounced way on these 





: 
: 402 
} ~~ os A | 
o-<— not ™ 00 
ae a: | a i 
= 20 bol) RA 
= a 
= die he 
@ 2} / | Rages 
s . bod } -“ lors 
ee r i vA sit | : 
3 ae eae pe p 
- ebdkd en ——- 00 u 
— _ —— oo! se 
4; e 
10 PB 
r y, 
| a o4 
2 Phew Ji 
a \ 
a Mi Bed “_\02 
ae Za 4 
| eee pa —_—_—0e 
Y—___-——+ 7 Snel 
— i > cd Sy 4 > > 3° ~ 
~ ~ a = + a 
Seek SB ee 8, & 8 
+9 2'¢ 82-383 ¢° 2° 
—— wires === PREDATORS 5 TREATMENT 


Fic. 2.—Average European red mite and predator 
populations on Bartlett pears of a 6X6 latin square 
experiment at Sunnyvale, California, 1949. Desig- 
nations 1D, SD, and 3D refer to one, two and three 
treatments, respectively, of standard strength DDT; 
C, W, and Pb refer, respectively, to check, weak 
DDT and lead arsenate treatments. Each graph 
is an average for 6 trees, 
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DDT-treated trees in spite of the pres- 
ence of the larger Chrysopa and Stethorus 
populations present. 

In block 1 as in block 2, a small number 
of Chrysopa were present at the early 
counts in the water-treated trees whereas 
they had been removed by the April and 
May DDT treatments in the DDT group. 
However, in this block their subsequent 
densities (as well as those of Stethorus) 
were, when averaged, almost identical for 
the 2 treatment classes, as were the sea- 
sonal trends in red mites. 

Consideration of the two species of 
predators together resulted in conclusions 
no different from those derived from their 
consideration individually. 

SuMMARY AND ConcLusions.—Wind 
was shown to be a factor influencing the 
rapidity of development of two-splotted 
mites on pears. Mass distribution of eggs 
of Chrysopa californica in pear trees ef- 
fected a significant reduction of red mites 
but failed to prevent conspicuous eco- 
nomic loss. Field and greenhouse tests on 
natural populations and fecundity tests 
in small cages on European red mites 
under DDT-treated, lead arsenate-treated 
and untreated conditions in California 
during the past 3 vears have failed to 
support the theory of destruction of the 
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Fig. 3.—European red mite and predator popula- 
tions on Bartlett pears in 2 blocks at Penryn, 
California, 1950. D designations refer to DDT 
treatments, L to lead arsenate plus oil as “‘spreader”’ 
treatments, and C to water-treated checks. Trees 
1, 2, 3 and 4 of each treatment show the relative 
positions in Block 1; trees 5, 6, 7, and 8, the positions 
in Block 2. The 4 treated trees occupied the central 
positions of 16-tree groups. 
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natural enemies as the primary cause of 
the recent red mite problem on pears. 
Some of the results were consistent with 
the idea of a physiological stimulus to 
reproduction under DDT influence, al- 
though this tendency was erratic in oc- 
currence and of only secondary impor- 
tance as an explanation of the problem. 
The common practice of using oil as a 
“spreader” in the old lead arsenate spray 
program on pears in this State appears to 
offer the most plausible explanation of the 
sudden rise of the problem with the shift 
from lead arsenate to DDT for the con- 
trol of codling moth. 

The oil commonly incorporated in the 
lead arsenate spray mixtures of former 
years has a high direct toxicity to all 
stages of the mite, and, in addition, has 
some residual toxicity. Applications in- 
cluding this material were applied at 
times ideally suited to such complete de- 
struction of the mites in the early spring 
that resurgence of the populations could 
not occur until very late in the season, 
often until after harvest. 

A close study of randomized singly- 
treated trees and randomized  16-tree 
blocks treated with DDT, lead arsenate, 
lead arsenate plus oil as a “spreader,” 
water-treated and untreated checks, dur- 
ing the course of two seasons, and other 
studies during three seasons, failed to 
show any correlations between the Euro- 
pean red mite populations which de- 
veloped and the natural enemies present 
indicative of a major controlling influence 
of the latter over the recorded red mite 
populations. Population levels of red 
mites, and their predatory enemies were 
followed on 72 trees in two such orchards 
in 1949 and on 24 trees in one orchard in 
1950 (figures 1, 2 and 3). After study of 
the individual graphs of these populations 
for the 96 trees, or by group averages, it 
became obvious that whether the preda- 
tory species were considered collectively 
or individually, whether considered sum- 
marily for the season or viewed separately 
at certain periods on the time scale, 
whether taken within treatments or ir- 
respective of treatments, or whether 
considered within rows or blocks or 


irrespective of position, no major con- 
trolling influence was evident. These re- 
sults in no way refute the possibility of 
significant action by natural enemies of 
red mites under other conditions or on 
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other host plants, but critical, quantita- 
tive data supporting such are notably 
lacking in the literature. 

Evidence of a factor associated with 
DDT treatments which is basically fa- 
vorable to red mite production has ap- 
peared repeatedly, though inconsistently. 
The tests on detached leaves, although 
sometimes showing a tendency in that 
direction, generally failed to demonstrate 
such an effect. The population data ob- 
tained from the trees themselves, either 
in the greenhouse or in the field, present a 
strong indication that, other unknown 
factors being favorable, DDT applica- 
tions are inherently conducive to an ear- 
lier and more severe development of the 
European red mite on Bartlett pears in 
this area. Reviewing the data, DDT- 
treated half-trees at Gold Hill in 1948 
during a year of a minimum red mite 
problem in that orchard, produced slightly 
more mites than did the other untreated 
sides of the same trees, though the results 
were not significantly different. During 
the same year at Mt. Vernon, a DDT- 
treated block of nine trees had European 
red mite populations by mid-July about 
three times as high as did an adjacent 
block of five trees which were untreated. 
The absence of the washing effect experi- 
enced by mites under the DDT-treated 
condition may have served to minimize 
the differences in the orchards at both 
localities. The same mite on young pear 
trees in a greenhouse that year, in the ab- 
sence of predators, built up a population 
by June 12 twice as heavy as that on sim- 
ilar untreated trees. The differences were 
highly significant. In 1949, tests on the 
European red mite in the greenhouse had 
to be abandoned, and results on the two- 
spotted mite did not reveal significant dif- 
ferences under DDT-treated and un- 
treated conditions. The field work during 
1949 failed to show significant differences 
between the mite populations on DDT- 
treated and untreated trees. In 1950, how- 
ever, there was a highly significant differ- 
ence between, the mite populations which 
developed on the DD'T-treated trees com- 
pared in this case to water-treated trees— 
which procedure was introduced to re- 
move the washing effect variable. 

The results suggest existence of a very 
delicate balance, which may be interre- 
lated with DDT applications, or at times 
independent of it, between the mite and 
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the physiology of its host as this balance 
is affected by the seasonal progression, 
overwintering populations and other fac- 
tors. It is believed that a study of the basic 
nutrition of red mites, particularly in 
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constituency would be abundantly re- 
warding. Many of the complexities arising 
from consideration of the specific data 
as well as general observations point to 
such possibilities. 





relation to host plant growth phases and 
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Proposep ADDITIONS TO THE LIsT OF 
ComMMON NAMES OF INSECTS 


The Committee on Common Names of Insects has 
acted favorably on the following names which have 
been proposed for addition to the official list. Mem- 
bers of the Association having a valid objection to 
any of the new names are urged to communicate 
with the chairman of the Committee stating the basis 
for the objection. If objections are received within 30 
days of the publication of this number of the Jour- 
NAL OF Economic EntomMoLogy the name (or 
names) involved will be reconsidered. 


Common name 


hollyhock beetle 


Scientific name 


Calligrapha sigmoidea 
(Lec.) 

Erythreneura comes 
(Say) 

Erythroneura ziczac 
Walsch 

Macrosiphum barri 
Essig 

Macrosiphum ambrosiae 
(Thos.) 

Palorus ratzeburgi 
(Wissm.) 

Platysenta sutor 
(Guenée) 

Sarcoptes scabiei suis 
Gerlach 


grape leafhopper 
virginia-creeper leafhopper 
lettuce aphid 

ambrosia aphid 
small-eyed flour beetle 
celery cutworm 

hog mange mite 


kK. G. Linsugy, Chairman 








A Comparison of the Cytochrome Oxidase Activity 
of Two Strains of House Flies 


Bertram Sacktor, Army Medical Center, Maryland 


In order to contribute to the elucida- 
tion of the mode of action of insecticides, 
it was the purpose of this study to ascer- 
tain whether differences existed in the 
cytochrome oxidase activity of normal 
house flies and those resistant to DDT. 

A general review of the effects of DDT 
on insects was compiled by Metcalf 
(1948). Since then Sacktor' found that 
DDT and its methoxy analog inhibited 
the respiratory enzyme, cytochrome oxi- 
dase, of mammalian heart tissue and of 
house flies. This inhibition was confirmed 
by Johnston (1950). In addition to DDT, 
several other insecticides have been 
known to inhibit cytochrome oxidase, 
Keilin & Hartree (1939) found that cya- 
nide and azide acted as oxidase inhibitors. 
The inhibition of this enzyme by pheno- 
thiazine was studied by Collier (1940) 
and by Zuker (1944). 

The development of insect resistance to 
insecticides has been reviewed by Babers 
(1949). Quayle (1916) and others showed 
that scales had become resistant to cya- 
nide. Cyanide resistance has also been re- 
ported for a Drosophila and an aphid 
species (Boyce 1938), and for the con- 
fused flour beetle (Gough 1939). Screw 
worms resistant to phenothiazine were 
found by Knipling (1942). In recent years, 
reports of house flies and other insects 
resistant to DDT and other insecticides 
have become commonplace. 

Meruops AND MatertAts.—The DDT 
resistant strain of house flies was derived 
from the Ellenville line. This resistant 
line was found in the field (Barber & 
Schmitt, 1948). After about 20 genera- 
tions in the laboratory, a selected line 
was started in which each generation was 
exposed to DDT. This selected line was 
in its fifth generation when obtained from 
Rutgers University. The flies utilized in 
the present experiments were in the 
twentieth to twenty-fourth generations. 
Compared to the normal strain, the con- 
centration times time mortality ratio was 
approximately 100:1. The rearing pro- 
cedure for both strains was identical. The 
larvae were fed horse meat, and they and 


’ 


the subsequent pupae were kept at 33° C. 


Adults were aged at 25° C. and were fed 
sugar, dried whole milk and water. 

The experimental flies were collected 
during an 8-hour period as they emerged. 
The flies were caged and each day the 
number required for the test was taken, so 
that each series of aged flies was from a 
single culture. Ten flies of each sex were 
used per determination. Each determina- 
tion was conducted in duplicate. 

Adult flies were momentarily immobi- 
lized in a refrigerator, and then homoge- 
nized, 10 at a time, in 5 ml. of iced glass- 
redistilled water for 1 minute. A Potter- 
Elvehjem homogenizer was employed. 
The homogenate was strained through 
muslin cloth to remove gross particles. 
Thereafter, it was kept in an ice bath. 
Immediately before the experimental run 
an aliquot of the stock homogenate was 
diluted 10-fold. 0.5 ml. of the diluted 
homogenate was used per determination. 

Cytochrome oxidase activity was meas- 
ured by the spectrophotometric tech- 
nique (Albaum et al. 1946). The funda- 
mental equations were derived by Haas, 
et al. (1940) and Altschul et al. (1940). 
This technique is based upon the rate of 
oxidation of reduced cytochrome ec. Cyto- 
chrome oxidase activity was measured in 
the Beckman spectrophotometer at 5500 
A. and at a slit width of 0.03 mm. At this 
wave length the alpha band of reduced 
cytochrome c has a sharp absorption maxi- 
mum. As the reduced cytochrome ¢ is 
oxidized, the density decreases; the rate 
of decrease is a measure of the oxidase 
activity. Oxidized cytochrome c shows 
some absorption at 5500 A., so that the 
observed values really measure the de- 
crease in density due to the disappearance 
of reduced cytochrome c¢ as well as a 
slight increase due to the accumulation of 
oxidized cytochrome c. For a mixture of 
oxidized and-reduced cytochrome c¢ the 
relationship between light absorption 
and concentration is expressed by: 


Io 
Log (;) =alphao |CyFe***\l+-alphar [CyFe**|l 
ry 


1 Sacktor, B. 1949. Unpublished thesis. The effect of DDT and 
methoxychlor on cytochrome oxidase in two strains of house 
flies, M. domestica, L. Rutgers Univ. 


832 




















December 1950 


in which alphao and alpha are the extinc- 
tion coefficients of oxidized and reduced 
cytochrome c respectively; / is the length 
of the absorption cell. After all the cyto- 
chrome c has been oxidized: 


Io 
Log (5) inf.=alphao [Cy:ll. 
I 


Cy: is the total concentration of cyto- 
chrome c. By combining the above equa- 
tions, the concentration of reduced cyto- 
chrome c at any time is: 


Io Io 
Log (; — Log | — } inf. 
I I 


Lp eee, 
(alphar— alphag)l 
The reaction velocities are expressed in 
terms of the monomolecular reaction 
constants and may be written: 


—d Log |CyFe**} 





/ 


= K(E). 
dt 


In any one experiment the cytochrome 
oxidase concentration (2) does not vary 
and d log [CyFe**|/dt therefore remains 
constant during the course of the reaction. 

The cytochrome c used in these experi- 
ments was prepared from beef heart ac- 
cording to a modified method of Keilin & 
Ifartree (1939) or was obtained commer- 
cially. 

The following was the procedure used 
in carrying out any day’s experiments. 
Cytochrome ec was diluted with phosphate 
buffer, of pH 7.4, and glass-redistilled 
water, to a concentration of 1.3X107° 
moles per ml. The final concentration of 
the buffer was 0.01 M. The cytochrome c 
was completely reduced with several 
crystals of dry sodium hydrosulfite. The 
excess hydrosulfite was oxidized by aera- 
tion. To 2.5 ml. of the cytochrome solu- 
tion in a 1 em. absorption cell was added 
0.5 ml. of the diluted homogenate. The 
contents of the vessel were mixed and 
the log Io/I was taken, beginning 1 min- 
ute after the addition of the enzyme and 
continuing at 1 minute intervals for 5 
minutes. Finally, in order to obtain the 
value of log (Io/T) inf., 0.1 ml. of 10-* M. 
potassium ferricyanide solution was added 
to oxidize the cytochrome c completely. 
The values of log [CyFe**] were then cal- 
culated and plotted against ¢. From the 
slope of this line the cytochrome oxidase 
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activity in the particular preparation was 
determined. 

A small correction to the value of log 
(To/T) inf. has to be made, due to the addi- 
tion of 0.1 ml. of potassium ferricyanide. 
The increased density caused by the 
homogenate does not interfere with the 
calculation of the rate of the reaction 
since the density remains constant. This 
is corrected for by the subtraction of the 
infinity value from the log Jo/I for any 
time. 

Resutts.—Under the conditions em- 
ployed, a plot of log [CyFe**] against 
time should give a straight line. In figure 
1 the results of a typical experiment show 
that this was the case. 

The activity of the enzyme was deter- 
mined by the slope of the line in such a 
plot. A plot of slopes of such straight lines 
obtained for different oxidase concentra- 
tions against the enzyme concentration 
should also give a straight line. This rela- 
tionship is shown in figure 2 in which 
values of d log [CyFe**|/dt obtained for 
different enzyme concentrations appear 
as a function of the added enzyme. 

Figure 3 compares the cytochrome oxi- 
dase activity of the two strains of male 
house flies of varying age. Each point 
represents the average activity for that 
day for 14 or 15 age series. For each day 
in a given series duplicate determinations 
were made. Because of the scatter of 
points in the activity of male normal 
strain flies, the line shown in- this graph 
was determined by the moving average 
technique. 

It is apparent that the cytochrome oxi- 
dase activity of male house flies did not 
remain constant throughout adult life. 
The enzyme activity of the flies increased 
rapidly immediately after emergence. In 
the normal strain there was an increase of 
55 per cent as the flies aged from 30 
minutes to 2 hours. One day old flies had 
a 118 per cent increase in activity over 
newly emerged flies. As the flies aged 
there was a tendency to reach a peak of 
enzyme activity on the second day, fol- 
lowed by a gradual decrease until the 
fifth day. Thereafter the cytochrome oxi- 
dase activity tended to increase. These 
changes after the first day, however, were 
more apparent in the resistant strain than 
in the normal strain. 


1 From the Sigma Chemical Co. 
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The resistant strain of male house flies 
had a consistently greater oxidase activ- 
ity than did the normal strain. As shown 
in table 1, the level was approximately 45 
per cent higher during the first 3 days. 
There followed a slight decrease, and 
subsequently activity remained at a level 
about 25 per cent higher than the level 
of normal flies of the same age. 

From figure 4 it is evident that similar 
changes in the cytochrome oxidase activ- 
ity occurred in the female house flies with 
respect to age. In the normal strain there 
was a 76 per cent and 126 per cent in- 
crease In enzyme activity as the flies aged 
from 30 minutes to 2 hours and 1 day, 
respectively. In the resistant strain there 
was again the tendency for the enzyme to 
increase to a peak, with a subsequent de- 
crease followed by a gradual increase. In 
the normal strain only the initial peak in 
oxidase activity was evident. 

The resistant strain of female house 
flies had a greater cytochrome oxidase 
activity than did the normal strain. As 
shown in table 1 the general level of activ- 
ity was at least 50 per cent higher, and 
as much as 87 per cent higher on the third 
day. 

In the normal strain the enzyme activ- 
ity level was approximately the same for 
females and males. In the resistant strain, 
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Table 1.—Comparison of the cytochrome oxi- 
dase activity of two strains of house flies. 





Per Cent INCREASE Over 
NORMAL STRAIN 


AGE Females Males 
l 41 47 
2 85 45 
3 87 43 
4 65 38 
5 60 34 
6 53 28 
7 52 25 
8 59 26 
9 77 29 
Average 64 36 





however, the females had about a 20 per 
cent higher level than did the males of the 
same strain. 

Discussion. ~The cytochrome oxidase 
activity of normal house flies was in- 
creased over 50 per cent as the flies aged 
from 30 minutes to 2 hours. When 1 day 
old, the activity was over 100 per cent 
greater than that of newly emerged flies. 
On the second day, the enzyme ac- 
tivity was slightly higher than on the 
first. Subsequently, the level remained 
more or less at a constant maximum. 
This observation coincides with other 
investigations on physiological aging in 
insects. Keilin (1925) noted the concen- 
tration of cytochrome in insects in- 
creased during early adult life. Other 
substances, presumably dependent upon 
cytochrome oxidase for their efficient 








° 
@ 
+ 
4 2.5). 
Fa . 
te 2.0L 
es 
8 1.5 he 
e 

By 
wera) & 
: 
tS) 0.5 r 
- VA j 
3 ! n 

0 J a) oO 

HOMOGENATE ~- ML 

Fig. 2.—Cytochrome oxidase activity in relation to 


enzyme concentration. 














December 1950 Sackror: CyrocHROME OxipasE Activity oF House F.Lies 835 


synthesis or utilization, follow a sim- 
ilar course. In Drosophila fat body and 
halteres Wigglesworth (1949) reported 
that glycogen and fat accumulated rap- 
idly during the first 48 hours after 
emergence and reached a maximum in 
about 4 days. Williams et al. (1943) have 
also found that the total glycogen of 
Drosophila increased rapidly during the 
first 5 days of adult life and remained at 
this maximum for about 10 days. Cholin- 
esterase activity also has been reported 
to increase substantially immediately 
after emergence in house flies (Babers & 
Pratt 1950), and in the honey bee (Rock- 
stein 1950). In the honey bee the activity 
remained undiminished until extreme old 
age. 

Such biochemical changes in aging co- 
incide with alterations in physiological 
processes. Williams & Chadwick! have 
data to show that the wing beat frequency 
of Drosophila is relatively low imme- 
diately after emergence. During the first 
few days of adult life it increases to a 
maximum level which is maintained until 
old age. The full significance of the physio- 
logical and biochemical changes in aging 
awaits further experimental work. 

The cytochrome oxidase activity of 
both sexes of the normal house fly had 
the same level on a per fly basis. If cal- 
culated on a per weight basis, the male 
flies showed more oxidase activity than 
the female. This finding corroborates the 
work of Barron & Tahmisian (1948), who 
found that muscle of male cockroach had 
a higher oxygen consumption, and a 
greater content of glycogen, succinoxidase, 
diphosphopyridine nucleotide, and cyto- 
chrome c, than did muscle of the female 
roach. Similar findings were obtained by 
Babers & Pratt (1950) with the enzyme, 
cholinesterase. Gowen (1931) found that 
male Drosophila produce 25 per cent more 
CO, than do females. This sex difference 
may be compared with the data of Wil- 
liams & Chadwick (1950) which show that 
in Drosophila the wing beat frequency of 
males of any given age is higher than for 
females of the same age. 

The changes, due to age, in the cyto- 
chrome oxidase activity of the resistant 
strain paralleled those of the normal strain 
with some modifications. In both sexes 
there was the customary rapid increase 
in activity after emergence. The highest 
level was found on the second day. Subse- 


quently, there was a decrease followed by 
an apparent increase in the oxidase activ- 
ity. Employing the T test with the data 
for males, this decrease was found signifi- 
cant at a level less than 0.02. The subse- 
quent increase, however, was found not 
significant. In the analysis of the data 
for females, the decrease was found sig- 
nificant at the 0.01 level. In contrast with 
the male data, the secondary increase in 
enzyme activity in the aged females was 
of probable significance (level between 
0.05 and 0.02). These changes, due to age, 
‘an not as yet be evaluated. The only 
other investigation relating age and en- 
zyme activity in resistant flies (Babers & 
Pratt 1950) does not reveal any consist- 
ency of pattern. 

In the resistant strain the oxidase level, 
on a fly basis, was approximately 20 per 
cent higher for females than for males of 
the same strain and age. If the activity 
were calculated on a weight basis it would 
be about the same for both sexes. This 
divergence from the normal strain can 
not, at present, be satisfactorily ex- 
plained. 

It has been shown that the resistant 
strain of house flies had a greater cyto- 
chrome oxidase activity than the normal 
strain. The average level for all ages was 
greater by 64 per cent and 36 per cent for 
females and males, respectively. This is of 
particular interest since previous work 
has shown that DDT inhibited this en- 
zyme as much as 60 per cent. The findings 
of Gough (1939), who reported that cya- 
nide-resistant confused flour beetle, 7'ri- 
bolium confusum, used 2.803 cu. mm. oxy- 
gen/mg./hr., whereas the normal strain 
used only 2.163 cu. mm., suggest a similar 
mechanism. Assuming oxygen consump- 
tion of adult flour beetle to be dependent 
on cytochrome oxidase activity in a 1:1 
ratio, his data would indicate a 30 per cent 
increase in the cytochrome oxidase activ- 
ity of the cyanide resistant strain. More- 
over, additional experiments, which will 
be reported elsewhere, show that the pu- 
pae of DDT resistant flies are also resist- 
ant to cyanide. One of the explanations 
for the resistance of house flies to DDT 
may then be a greater cytochrome oxidase 
activity in the resistant flies. 

However, there is other evidence to 
show that resistance to DDT is due to 


1 Williams, C. M. and L. E. Chadwick. 1950. Unpublished 
data. 
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more than a single factor. Sternburg and 
coworkers (1950) reported that DDT re- 
sistant flies metabolized most of the DDT 
that had entered the body to non-toxic 
products, whereas the normal strain was 
capable only of partially metabolizing the 
toxicant. At present, however, the mech- 
anism of detoxification is not known, 
and it is even possible that cytochrome 
oxidase is concerned in this process. 

Since the cytochrome oxidase activity 
changes with the age of the fly, it might 
be expected that susceptibility of these 
flies to DDT treatment would vary in- 
versely. Experimental data show that dis- 
crepancies exist in such a comparison, as 
may be seen from the per cent survival of 
aged flies in table 2. The flies used in 
series A were in the sixteenth or seven- 
teenth generation and were treated by 
exposure for 2 hours to a residual deposit 
of 200 mg./100 sq. in. In recent tests, 
shown in series B, twenty-fifth generation 
flies were employed. These were exposed 
for 3 hours to deposits of 1200 mg./100 
sq. in. In comparison there was a 70 to 
100 per cent mortality of normal strain 
flies when exposed to 100 mg./100 sq. in. 
for 12 minutes. 

As seen from table 2, the per cent sur- 
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vival was high in young male flies and 
gradually decreased with age. The cyto- 
chrome oxidase activity, figure 3, was 
low in newly emerged flies but increased 


Table 2.—Per cent survival of aged resistant 
flies to DDT exposure. 








SERIES A SERIES B 


Age Fem. Male 


Age Fem. Male 





80 78 0 60 95 

3 76 59 1 99 98 
5 74 24 2 99 100 
7 43 6 3 95 95 
9 46 15 5 60 15 
7 10 1 





rapidly in the first day followed by a 
smaller increment on the second. Subse- 
quently the oxidase activity was dimin- 
ished. Thus, in the males, there was some 
correlation between enzyme activity and 
susceptibility. One to three day old flies 
were least susceptible to DDT and this 
coincided with the highest oxidase activ- 
ity. As the enzyme decreased, so did the 
survival. Although there was a tendency 
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for less survival in old flies (5 to 9 days), 
the oxidase tended to increase. This in- 
crease, however, was not statistically sig- 
nificant. The greatest discrepancy for 
males was found in newly emerged flies 
where, although cytochrome oxidase ac- 
tivity was very low, susceptibility was also 
low. Since the metabolism of newly 
emerged flies must be different from that 
of older flies, this discrepancy is not too 
disturbing. 

Newly emerged female flies were more 
susceptible than 1 to 3 day old ones. This 
coincided with the oxidase activity pat- 
tern as shown in figure 4. As the activity 
decreased rapidly (2 to 7 days) there was 
also the tendency to become more sus- 
ceptible (more evident in series B). There 
was, however, a probably significant rise 
in cytochrome oxidase in older flies (7 to 
9 days), whereas there was no increase in 
survival. This secondary oxidase increase 
may, perhaps, be influenced by other 
physiological processes, such as egg de- 
velopment, which are probably not asso- 
ciated with susceptibility to DDT. 

Thus, there seems to be some correla- 
tion between cytochrome oxidase activity 
of aged resistant flies and their suscep- 
tibility to DDT. Admittedly, however, 
several discrepancies exist which cannot 
be explained satisfactorily on the basis of 
present information. It is desirable that 
future investigations be made on the sig- 
nificance of the physiological and_bio- 
chemical changes in aging, and an effort 
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be made to determine the bearing of 
these changes on susceptibility to DDT. 

SumMary.—1. Cytochrome oxidase ac- 
tivity of two strains of adult house flies 
was compared utilizing a spectrophoto- 
metric technique. 

2. The oxidase activity of flies does not 
remain constant throughout adult life. 
There was an increase of over 50 per cent 
and 100 per cent within the first 2 hours 
and 1 day, respectively, after emergence. 
There was a slight increase in activity on 
the second day. Subsequently, in the 
normal strain, this high level was gen- 
erally maintained. In the resistant strain 
the enzyme’s activity decreased and then 
increased to a small extent. 

3. On a weight basis there was greater 
oxidase activity at a given age for the 
males as compared to females in the nor- 
mal strain. It was about the same for 
the sexes in the resistant strain. 

4. The resistant strain had a greater 
oxidase activity than did the normal 
strain. The average higher activity for all 
ages was 64 and 36 per cent for, respec- 
tively, females and males. 

5. It is suggested that one of the expla- 
nations for the resistance of house flies 
to DDT may be a greater cytochrome oxi- 
dase activity in the resistant flies. Appar- 
ently other factors are also involved. 

6. The relationship between  cyto- 
chrome oxidase activity of aged resistant 
flies and their susceptibility to DDT is 
discussed. 
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Azobenzene as an Effective Supplement in Organic 
Phosphate Aerosols for Control of the Two- 
Spotted Spider Mite 


L. L. Eneuisu,! Illinois Natural History Survey, Urbana 


Blauvelt (1945a) stimulated a great an investigation of azobenzene in aerosol 


deal of interest in azobenzene when he 
announced recommendations for its use 
for the control of the two-spotted spider 
mite, Tetranychus bimaculatus Harvey, 
on greenhouse crops. Very satisfactory 
results were obtained by vaporizing the 
azobenzene from steam pipes, using a 
dosage of one pound of 70 per cent powder 
to 40,000 cubic feet of space. 

Some of the limitations of azobenzene 
were recognized early (Blauvelt 1945b). 
At times it caused bleaching and drop- 
ping of rose leaves, but the main disad- 
vantage of azobenzene fumigation proved 
to be the loss of color by the flowers. 
With the development of hexaethyl tetra- 
phosphate, Blauvelt and Hoffman (1947) 
worked with a combination of azobenzene 
and hexaethyl tetraphosphate vaporized 
from steam pipes. They recognized the 
complementary action of the two mate- 
rials: azobenzene to kill the eggs and rest- 
ing stages and hexaethyl tetraphosphate 
to give a quick kill of the active stages. 
Haring (1946) obtained good control of 
red spider mites with a 20 per cent azo- 
benzene dust and observed its ovicidal 
action. Others to note the ovicidal proper- 
ties of azobenzene were Hamilton (1947), 
Yerington & Gertler (1948), and Eaton 
& Davies (1948). 

With the foregoing information at hand 


formulations seemed logical. This paper 
presents data showing how the effective- 
ness of organic phosphate aerosols was 
increased by using azobenzene as a sup- 
plement. 

MareriALs.—Three organic __ phos- 
phates were used: technical parathion, 
furnished by American Cyanamid Com- 
pany; tetraethyl pyrophosphate, fur- 
nished by Monsanto Chemical Company; 
and tetraethyl dithionopyrophosphate, 
furnished by Victor Chemical Company. 
The tetraethyl pyrophosphate assayed 75 
per cent tetraethyl pyrophosphate and 
7.8 per cent triethylphosphate. An assay 
of the tetraethyl dithionopyrophosphate 
was not obtained. A technical grade of 
azobenzene, having a melting point of 
66-68° C. was supplied by the Tobacco 
By-Products and Chemical Corporation. 
The methyl! chloride used as a propellent 
had a purity of 99.5 per cent and con- 
tained not more than 0.008 per cent mois- 
ture by weight, according to the supplier. 

Meruops.—The tests were run at 
intervals of 3 to 4 days in small green- 
houses having a volume of 9200 cubic 
feet. Between tests the houses were venti- 
lated and numerous were run to make sure 
decontamination was completed. 


1 The author is indebted to George C. Decker for support and 
counsel and to S.S. Statler for help in this work. 
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Six to eight potted roses infested with 
the two-spotted spider mite were placed 
centrally in the house before treatment. 
In addition, five siphon tubes (Kearns & 
Compton 1938) containing excised leaves 
infested with eggs only were placed in the 
greenhouse to obtain quantitative ovi- 
cidal data. The motile and resting stages 
were removed from these leaves by ma- 
nipulating an air jet over the leaf surfaces. 
The number of eggs on each set of ex- 
cised leaves ranged from 300 to 500. 

Standard, 4-pound aerosol bombs were 
partially loaded with the exact dosage for 
ach test. The azobenzene was loaded 
dry by removing the valve in the bomb. 
The phosphate was weighed out and 
washed into a separatory funnel with 10 
milliliters of acetone and then allowed to 
flow into the evacuated bomb. Methyl 
chloride was added from a 60-pound cyl- 
inder. The quantity of methyl chloride 
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against all stages of the two-spotted spider mite 

except the eggs. Data taken eight days after 
treatment. 
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was kept constant at 0.4 pound, which 
was convenient for the uniform treatment 
of the space involved. 

Treatments were made in the morning 
while the air temperature was rising. 
When the temperature in the greenhouse 
reached 72° F. the entire contents of the 
aerosol bomb were discharged above the 
plants as the operator walked slowly 
through every other aisle. After an ex- 
posure of two hours the house was venti- 
lated. One hour later the plants were 
moved to another house. At intervals of 
2, 4, 6, and 8 days after treatment, leaf 
samples were taken from the roses, care- 
fully placed in petri dishes and taken to 
the laboratory for mite counts. Live and 
dead adults, nymphs, larvae, and resting 
stages were counted and the per cent of 
mites dead was calculated on the basis of 
the aggregate count, amounting to 350 
to 400 individuals per sample. Selection 
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Fic. 2.—The effectiveness of aerosols containing 

various quantities of parathion alone and with 2 

grams of azobenzene per 1000 cubic feet of green- 

house against all stages of the two-spotted spider 

mite except the eggs. Data taken eight days after 
treatment. 
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of the 8-day count for presentation was 
based on a study of the data and observa- 
tions taken from time to time during the 
course of the experiments. If 2- or 4-day 
counts were used the percentages might 
be changed by eggs hatching  subse- 
quently. On the other hand counts later 
than 8 days after treatment might be in- 
fluenced by larvae hatching from eggs laid 
by females that survived the treatment. 

Counts of the eggs on the excised leaves 
were made immediately after treatment 
and again when incubation was complete. 
All eggs on the leaves were counted as 
dead after the lapse of enough time for the 
eggs to hatch. 

Resutts.When_ preliminary experi- 
ments indicated the effectiveness of azo- 
benzene as a supplement to phosphate 
aerosols, series of tests were designed for 
a detailed study of the mixtures. 

Parathion at the rate of 1 gram per 1000 
cubic feet without azobenzene killed about 
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60 per cent of the mites, but when sup- 
plemented with quantities of azobenzene 
varying from 0.25 to 4.0 grams per 1000 
cubic feet the kill of mites ranged from 96 
to 100 per cent. The mixtures of para- 
thion and azobenzene were much more 
effective than azobenzene alone (Fig. 1). 

The effectiveness of aerosols was defi- 
nitely increased when parathion dosages 
of 0.125, 0.25 and 0.5 gram per 1000 
cubic feet were supplemented with azo- 
benzene at the rate of 2 grams per 1000 
cubic feet. (Fig. 2) Similar data were ob- 
tained with tetraethyl pyrophosphate, 
(Fig. 3), and tetraethyl dithionopyrophos- 
phate, (Fig. 4) when they were used in 
place of parathion. 

In another series of tests each of the 
three phosphates was used at 0.5 gram, 
with azobenzene at 0.5, 1.0, 1.5, and 2.0 
grams per 1000 cubic feet, fig. 5. The re- 
sulting data demonstrated two interesting 
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taken eight days after treatment. 
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facts. In the first place, it is clear that azo- 
benzene alone was relatively ineffective 
on a dynamic population of the mite. 
Secondly, when azobenzene was combined 
with any one of the three phosphates, the 
mixtures were more effective than the 
separate components. This does not imply 
synergistic action. On the contrary, the 
effect can be explained more logically by 
the fact that the phosphates affect motile 
stages while azobenzene is mainly ovicidal. 

OvicipaL Errecr.—On eggs of the two- 
spotted spider mite, the three phosphates 
showed essentially no ovicidal properties. 
Azobenzene at a dosage of 2 grams per 
1000 cubic feet without a phosphate killed 
from 87.8 to 99.0 per cent of the eggs. 
(Table 1) The data from tests with various 
quantities of azobenzene alone and com- 
bined with the phosphates indicate in- 
creased ovicidal effect when the phos- 
phates, particularly parathion and tetra- 
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Fic. 5.—The effectiveness of aerosols containing 

various quantities of azobenzene alune and with 0.5 

gram of three phosphates per 1000 cubic feet of 

greenhouse against all stages of the two-spotted 

spider mite except the eggs. Data taken eight days 
after treatment. 


ethyl dithionopyrophosphate, were com- 
bined with azobenzene, table 2. This point 
is more clearly shown in fig. 6. 

Errect OF AZOBENZENE ON MOTrILE 
AND RestINnG SraGces.—-Although  com- 
plicated somewhat by the fact that the 
data were taken from dynamic hetero- 
geneous populations, the information in 
tables 3 and 4 indicates that azobenzene 
has a relatively low order of effectiveness 
on the motile and resting stages of the 
two-spotted spider mite. 

ComMerciAL ‘Trsts.—Mite-infested 
roses growing in a 50-foot house were 
treated May 9, 1949 with an aerosol mix- 
ture of parathion and azobenezene at the 
rate of 1 gram of each per 1000 cubic feet. 
Population counts made with the aid 
of a leaf-brushing machine showed a de- 
cline from 73.0 live mites per leaflet at 
the time of treatment to 0.4 live mite per 
leaflet on May 20. The population began 
to rise by May 31, three weeks after the 
house was treated. 
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Fic. 6.—The effectiveness of aerosols containing 

various quantities of azobenzene alone and with 0.5 

gram parathion per 1000 cubic feet of greenhouse 
against the eggs of the two-spotted spider mite. 
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Table 1.—Effect of various quantities of three 
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phosphates alone and with azobenzene as aerosols 





on the eggs of the two-spotted spider mite. 


Parathion 
PHOSPHATE SnnEEnEEEEaRReTieetieeneetan 
GRAMS PER With 
1000 Cv. Azoben- 
Fr. Alone zene! 
0.0 11.6 99.0 
0.125 26.9 46.3 
0.25 16.4 07.2 
0.5 12.2 98.9 
.0 19.4 100.0 


Per Cent or Eaas Deap 





Tetraethyl Tetraethyl 

Pyrophosphate Dithionopyrophosphate 
With With 

Azoben- Azoben- 

Alone zene! Alone zene! 

9.6 92.0 11.9 $7.8 
3.2 99.2 6.8 93.5 
16.2 100.0 25.2 95.7 
7.0 99.7 13.2 98.5 
24.9 97.4 18.6 96.6 





1 Two grams per 1000 cubic feet. 


Small elm trees growing in a 50-foot 
greenhouse became heavily infested with 
mites and were treated June 10 with an 
aerosol at the rate of 1 gram of parathion 
plus 1 gram of azobenzene per 1000 cubic 
feet. Within three days the population of 
live mites was reduced nearly to zero and 
the house did not need treating again for 
two months. 

Another test was made against mites on 
roses in a large rose house consisting of 
seven 400-foot units. The treatment, 
which consisted of an aerosol formulation 
to give 1.5 grams azobenzene, 0.75 gram 
parathion, and 0.25 gram tetraethy! pyro- 
phosphate per 1000 cubic feet was made 
August 12, 1949. Weekly counts showed a 
reduction in live mites from 29.4 to 6.9 
per leaflet by August 26. After a second 
treatment on September 2, it was difficult 
to find live mites in six of the houses, but 
control in the seventh house was poor. 
This house was retreated on September 9, 
but with poor results again. The presence 
of resistant mites was suspected and five 
additional treatments with several for- 
mulations between October and February 


failed to bring the mites under control. 
In February, mites from this house were 
cultured on potted roses and treated with 
an aerosol to give a dosage of 1 gram of 
parathion per 1000 cubic feet. Six days 
after treatment only 8 per cent of the 
mites were dead, indicating a high degree 
of resistance to parathion. Without an 
agent to kill the egg-laying adults, it was 
evident that an ovicide did not reduce 
the mite population to a tolerable value. 
Azobenzene used as aerosols in these ex- 
periments at the rate of 1.0 to 1.5 grams 
per 1000 cubic feet caused no leaf drop 
and no loss of color by the flowers. Un- 
fortunately, tetraethyl dithionopyrophos- 
phate was not available at the time in 
sufficient quantity to formulate mixtures 
with azobenzene for treatment of these 
large greenhouses. 

It should be stated that the greenhouse 
infested with the resistant mites was 
treated with parathion aerosols exclu- 
sively from July 26, 1948, through July 
29, 1949. Beginning July 26, the house 
was treated four times within a two-week 
period with parathion at the rate of 0.5 


Table 2.—Effect of various quantities of azobenzene alone and with three phosphates as aerosols on 


the eggs of the two-spotted spider mite. 





Per Cent or Eacs Drap 


Azobenzene With 


Azobenzene With Tetraethy! 


AZOBENZENE GRAMS Azobenzene Azobenzene With Tétraethy] Dithionopyro- 
PER 1000 Cu. Fr. Alone Parathion! Pyrophosphate! phosphate! 
0.0 26.4 12.6 3.8 18.1 
0.5 39.0 45.4 66.3 39.4 
1.0 42.6 93.8 78.5 99.6 
1.5 82.7 98.5 $3.3 99.6 
2.0 97.0 99.0 $2.3 97.8 





10.5 gram per 1000 cubic feet. 
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Table 3.—The effect of azobenzene as an aero- 
sol on the motile stages of the two-spotted spider 
mite. 





Table 4.—The effect of azobenzene as an aero- 
sol on the resting stages of the two-spotted spider 
mite. 





Per Cent or MotIi.e STaGes DEAap 











AZOBENZENE Days After Treatment 

GRAMS PER —— es 

1000 Cv. Fr. Q 4 6 8 
0.5 31.9 40.8 41.5 37.2 
1.0 24.4 34.7 46.8 41.6 
1.5 25.4 51.8 48.3 41.5 
2.0 15.5 27.0 42.2 36.6 





gram per 1000 cubic feet. From October 
29, 1948, to July 12, 1949, it was treated 
14 times with parathion at the rate of 
about 1.0 gram per 1000 cubic feet. 
SUMMARY AND Conc usions.—Aerosol 
mixtures of azobenzene and azobenzene in 
combination with parathion, tetraethyl 
pyrophosphate, and tetraethyl dithiono- 
pyrophosphate were tested on natural 
populations of the two-spotted spider 
mite on potted roses. Azobenzene proved 





Per Cent oF ReEstrna StaGeEs DEAD 





AZOBENZENE Days After Treatment 
GRAMS PER ——— tn ee ae armas CERT oe 
1000 Cu. Fr. 2 4 6 8 
0.5 0.0 13.8 9.8 9.9 
1.0 2.2 14.6 30.7 12.7 
1.5 ey 47.6 18.9 30.5 
2.0 6.5 15.3 19.8 16.2 





to be mainly ovicidal and formed an ef- 
fective supplement for the phosphates 
which were effective against the mites 
but not the eggs. 

Azobenzene-parathion mixtures showed 
commercial promise on mites susceptible 
to parathion, but satisfactory control was 
not obtained on parathion-resistant mites. 
None of the aerosol mixtures used dam- 
aged roses. 
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Concentrated Sprays to Control Plum 
Curculio on Peach! 


Dean Asquitu,” The Pennsylvania State College 





The primary purpose of this experiment 
was to determine whether or not concen- 
trated insecticides applied as mists may 
be used to control plum curculios in com- 
mercial peach orchards. In view of the 
difficulties involved in comparing mist 
spraying with high pressure spraying, the 
plot layout was arranged in as simple a 
manner as possible to avoid the influence 
of the drift of mists and to take advantage 
of knowledge gained in 1949 of the direc- 
tions from which plum curculios migrated 
into the experimental block of trees. 


On the farm of L. W. Garretson, 
Arendtsville, Pa., a block of 200 6-year 
old Elberta trees was selected for the ex- 
periment. The south and north sides of 
the block were 20 trees long and the east 
and west sides 10 trees long. On the south- 
west corner 25 trees in a 5X5 pattern 
were marked Plot 3; on the southeast 
corner a similar group of trees was marked 

1 Authorized for publication on October 11, 1950, as paper 
No. 1626 in the Journal Series of the Pennsylvania Agricultural 
Experiment Station. 


2 Acknowledgment is made of the valued assistance of Guy 
Herring, Edgar Raffensperger and Herbert Lady. 
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Plot 4. The remainder of the block was 
divided into two groups of 75 trees each 
by running a line from north to south 
midway in the block. The eastern group 
of 75 trees was designated as Plot 1 and 
the western group as Plot 2. The small 
plots were pressure sprayed! and the large 
plots mist sprayed. 

During 1949, curculios had entered the 
experimental block from the south, east 
and west. Therefore, in each plot two 
trees on the south side were selected from 
which to take records. In Plots 2 and 3, 
two trees on the west side were also 
marked for this purpose, and in Plots 1 
and 4 two trees on the east side. In each 
plot, on the sides where record trees were 
selected, one tree was in the outside row 
in every case and one in the second row. 
In table 1 the trees are represented by 
symbols. The last letter and number in 
the symbols tell the position of the trees. 
For example, in Plot 1 Tree LDE1 is 
in the first or outside row on the east side. 

The check (not treated) was a separate 
row of four trees on the south side of Plot 
4, and its position had some influence on 
the results obtained with the treatment 
used in Plot 4. High pressure sprays were 
applied at the rate of approximately 
gallons per tree; mists at the rate of 3 
quarts to 1 gallon per tree. 

Beginning with the shuck split spray on 
May 11, three parathion sprays and mists 
were applied to Plots 4 and 2 respectively, 
and two dieldrin sprays and mists were 
applied to Plots 3 and 1 respectively. 
Spray dates were May 11, 17 and 24. 
Micronized sulfur? was used with the in- 
secticides in all treatments on May 11 and 
24. In the first spray, 15 per cent para- 
thion® was applied to Plot 4 at the rate of 
1.5 pounds in 100 gallons, while in the 
next two sprays 1 pound per 100 gallons 
was used. The first parathion mist spray 
(Plot 2) was at the rate of 6 pounds in 100 
gallons and the last two at 4 pounds per 
100 gallons. Dieldrin‘ spray, 1 pound of 
25 per cent powder in 100 gallons, was 
applied to Plot 3 on May 11 and 24; 
dieldrin mist, 4 pounds of powder in 100 
gallons, to Plot 1 on the same dates. 
During this period, the check received no 
treatments. 

In applying the mist concentrates at a 
forward speed of 2.5 m.p.h., both sides of 


the machine were operated. The air blast 
aimed at each row of trees was 8,000 cubic 
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feet per minute at 80 m.p.h. This air blast 
was strong enough to deliver mist to peach 
trees, but a weaker blast probably would 
not have had enough carrying power. Ex- 
perience in commercial orchards with 
larger machines indicates that air blasts 
as great as 25,000 cubic feet per minute 
at 80 to 90 miles per hour may also be 
used to apply mist cone entrates to peach 
trees provided the forward speed of the 
machine is fast enough to prevent injury 
to the trees by the air blast. 

From the time peaches began to fall 
until the fruit was thinned on June 20 and 
21, all dropped fruits under the selected 
record trees were collected. Dropped 
fruits from each tree were placed in 
separate mesh bags and suspended over 
water for collecting curculio larvae by the 
method described by Steiner & Worthley 
(1941). All peaches taken from these trees 
during the thinning operation were col- 
lected also. The thinned peaches were cut 
and examined for curculio larvae. All 
dropped and thinned peaches from the 
check were handled in the same manner 
as the fruits from the treated trees except 
they were lumped into one group. 

Results are presented in detail in table 
1. In considering these several points 
should be kept in mind. First, in a com- 
mercial operation one more parathion 
spray would have been applied about 
June 2 to extend the period of protection 
from curculio attack. Second, Plot 4, the 
parathion spray plot, was located near the 
unsprayed check trees and curculio adults 
migrating from the check into this plot 
after the residue of parathion had dropped 
below the level of toxicity to curculios 
damaged many fruits. Tree LBS1 in Plot 
1 was, however, as close to the check as 
tree 4FE1 in Plot 4 and tree 1CS2 was 
closer than tree 4DE2. Third, between 
May 11 and 31, 6.54 inches of rain fell in 
this area. This rainfall caused curculio 
adults to leave hibernating quarters over 
a long period of time, and it also sub- 
jected insecticide residues on the trees to 
unusually heavy washing. Fourth, only 
two applications of dieldrin spray and 

1 The first application of dilute, high pressure sprays was made 
with a Bean Sprayer. After that, the high pressure sprays were 
applied with a hose and gun attached to = pump of a new 
Orchard Mist Sprayer manufactured by A. B. Farquhar Co. 
In both cases, dilute sprays were delive red at 400 pounds pres 
sure per square inch. All the mist applications of concentrates 
were mi ade with the Farquhar machine also. 

“Mike” Sulfur, supplied by the Dow Chemical Co. 


° 3 Supplied by General Chemical Co. 
# Supplied by Julius Hyman and Co. 
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Table 1.—Comparison of dilute sprays and concentrated mists in the control of plum curculios. 








Per Cent In- 


Tora. ‘Tora 

Piotr TREE No. Drops THINS PEACHES LARVAE FESTED FRuITs 
1 1IDEI 531 468 999 2 0.20 
Dieldrin 1HE2 95 190 285 3 1.05 
Mist 1BS1 172 371 543 6 1.10 
1CS2 495 413 908 l 0.11 
3 38DWI1 285 510 795 0 0.00 
Dieldrin 38EW2 218 442 660 0 0.00 
Spray 3BS1 44 478 522 2 0.38 
3CS2 89 Q74 363 0 0.00 
Q 2EW1 381 508 889 9 1.00 
Parathion 2DW2 109 273 382 0 0.00 
Mist 2Bs1 155 $25 480 6 1.25 
2CS2 108 171 279 0 0.00 
4 4FE1 253 662 915 41 4.48 
Parathion 4DE2 174 637 811 16 1.97 
Spray 4BS1 139 253 392 30 7.60 
4CS2 368 1024 1392 10 0.72 
Check 4 Trees 1061 761 1822 610 33.47 





mist were applied to Plots 3 and 1 re- 
spectively. 

In table 1, it will be noted that all 
record trees in outside rows except tree 
3DW1 in Plot 3 yielded some curculio in- 
fested peaches. Also, with the exception 
of the east side of Plot 1, trees in outside 
rows had a higher percentage of infested 
peaches than trees in the second rows. 
Variations in numbers of fruits collected 
from the trees, which to some degree 
moderate differences in the percentages of 
infested fruits, are readily evident in 
table 1. 

In spite of the discrepancies in the ar- 
rangement of this experiment necessitated 
by the difficulties involved in working 


with mist concentrates, it is evident that 
parathion and dieldrin at four times 
standard spray concentrations are ef- 
fective as mists against plum curculios 
when applied in quantities equal to from 
one-fifth to one-fourth the amount ap- 
plied as standard pressure sprays. The 
results indicate also that dieldrin residue 
has a more persistent toxicity to plum 
curculios than does parathion. This 
characteristic of dieldrin may make it pos- 
sible for growers to control plum cur- 
culios on peach with fewer sprays in those 
areas where curculios attack the crop 
early in the season and there is no chance 
of the fruit carrying a residue of this 
highly toxic compound at harvest. 


LITERATURE CITED 


Steiner, H. M., and H. N. Worthley. 1941. The plum curculio problem on peach in Pennsylvania. 


Jour. Econ. Ent. 34(2): 249-55. 





S. A. Ronwer In New DerenseE Work 


Dr. S. A. Rohwer of the BEPQ was appointed 
special assistant for defense in the U.S. Agricultural 
Research Administration on January 2, 1951. He will 
be the Administrator’s special representative in pro- 
moting ARA defense efforts and will represent the 
Administrator in relationships with the Production 
and Marketing Administration under the Defense 
Production Act, and in other related activities con- 
nected with defense. Dr. Rohwer is well qualified for 
his new duties by reason of his long, varied and suc- 
cessful career in the U.S. Department of Agriculture 
and his special assignments during World War II. 








Space Spraying for Fly Control in Dairy Barns' 


H. E. Morrison, R. W. LauperpALe, H. H. Crowe and Don C. More,? 
Corvallis, Oregon 


The increased number of reports of 
insect resistance to the organic insecti- 
cides has caused the revision of many 
ideas in certain insect control programs. 
Not the least among these concerns that 
of housefly control. It was the belief of 
many entomologists who participated in 
a discussion period at the meetings of 
American Association of Economic Ento- 
mologists at Tampa, Florida, December 
1949, that a much wider use of space 
sprays and renewed efforts toward im- 
proved sanitation in and about dairy 
barns and other food processing plants 
would be stressed in future fly control. 

Space sprays have been used exclu- 
sively inside the Oregon State College 
Dairy barns since 1945. A DDT residual 
spray was applied to the exterior surfaces 
of the barns in 1949 and residual sprays of 
10 per cent chlordane were applied to the 
manure pit in 1948 and 1949. 

The dairy barns were built in 1936 and 
are composed of three frame units con- 
nected in the form of a “U.”’ The main 
unit (4460 square feet) forms the base of 
the “U” and contains 14 pens which are 
used for special purposes. 

The east wing (5190 square feet) holds 
55 calves and 6 bulls. A west wing of equal 
size is commonly called the “cow barn” 
and holds 64 dairy cows. The milking herd 
is composed of Holstein and Jersey cows. 

All barns have concrete floors and are 
painted white inside. A concrete court 
(6900 square feet) separates the two wings 
to the south from the manure storage shed 
which has a capacity of 16,000 cubic feet. 
Manure is removed from the cow barn 
after each milking and once each day 
from the remaining barns. Solid matter is 
placed in the manure storage shed. Liquids 
are collected in a liquid storage tank and 
later utilized as liquid fertilizer. 

The manure storage shed was con- 
structed at the same time as the barns 
and was intended to exclude flies and pre- 
vent maggot development. After 14 years, 
however, the doors have become warped 
and screens have rusted away. Flies now 
have easy access to the manure which is 
removed only twice a year 

Prior to 1945, supplementary measures 


of house fly control included screening of 
windows, electric fly traps, and the spray- 
ing with pyrethrum sprays. The housefly 
was not considered a major problem un- 
der standards existing in 1945 but would 


have been important under present 
standards. 
When DDT was made available 


1945, the Department of Entomology un- 
dertook experimental fly control programs 
with space sprays. This program has been 
arried on to the present time but has 
varied in methods and materials as indi- 
cated in the following review: 

Work IN 1945.—The house fly was the 
predominate species in the barns but no 
attempt was made to determine its pro- 
portion to the total fly population. In late 
June, 3 gallons of 5 per cent DDT in 
deobase oil were applied as an aerosol to 
each unit by means of a wartime model 
fog generator.’ 

No detailed records were made of the 
fly population in the barn after this treat- 
ment. It was observed, however, that the 
fly population was remarkably low and 
remained low to the end of the season. A 
residual action was observed to be effec- 
tive for as long as 64 days after the treat- 
ment and the fly season ended before the 
longevity of this action could be deter- 
mined 

Work IN 1946.—Painting of the dairy 
barn delayed application of insecticides 
until June 24 when the first treatment of 
3 gallons of 5 per cent DDT was applied 
to the cow barn. A commercial model of 
the aerosol generator* was used for ap- 
plication of the material. Twelve subse- 
quent DDT space sprays were applied to 
the cow barn in an effort to measure the 
amount of DDT deposited on walls, ceil- 
ing and floors. Wettable powders and oil 
emulsions were used in this study. In 
nearly every instance, regardless of in- 
secticidal formulation, only about half the 
amount of DDT which was applied could 
be accounted for chemically. 

1 Published as technical paper No. 638 with the approval of 
the Director of the Oregon Agricultural Experiment Station. 
Contribution of the Department of Entomology. 

2 Assistant Entomologist, Research Assistant, Assistant Ento- 
mologist and Entomologist, Oregon State College, Corvallis, 


Oregon. 
esler fog generator (Bes-Kil). 
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Housefly control from these experi- 
mental trials was quite satisfactory not 
only in the cow barn but also in the ad- 
joining units. 

On July 10, however, it was evident 
that space spraying of barns for housefly 
control was ineffective against the horn 
fly, Siphona irritans L. Five cows were 
observed to have more than 300 horn flies 
on their backs at this time. The entire 
dairy herd was accordingly stanchioned 
in the cow barn and given their first treat- 
ment with a 5 per cent DDT space spray. 
The cows were allowed to remain in the 
fog for 10 minutes before being released. 
This treatment gave complete control of 
the horn fly and populations did not build 
up again for 2 weeks. The cows were again 
treated with the DDT space spray and 3 
more weeks passed before flies again made 
their appearances. 

Work 1N 1947.—Little attention was 
given to the house fly during 1947 but 
some emphasis was given to horn flies. 
Three 5 per cent DDT space sprays were 
applied to stanchioned cows on June 23, 
July 6, and August 28. These treatments 
were sufficient to hold the house fly and 
the horn fly under control. The cows in 
one instance were allowed to stand in the 
fog for 1 hour without evidence of impair- 
ment to health. 

Several cows soon after receiving the 
DDT space sprays were returned to 
pasture with untreated heifers. These 
cows soon became heavily infested with 
horn flies. This indicated that space 
sprays did not provide long residual ac- 
tion on the animals. 

It was concluded that success of space 
spraying for horn fly control resulted in 
the eradication of the flies on the cows and 
that it required considerable time for 
the flies to build up again in troublesome 
numbers. 

Work IN 1948.—A small portable space 
sprayer,! which employed compressed air 
through a heated exhaust for insecticidal 
dispersal, was used in the 1948 fly control 
experiments. 

Three space sprays, which completely 
filled the barn with an insecticidal fog, 
were applied to the empty barn for gen- 
eral fly control. A 10 per cent chlordane 
solution was used for this purpose. In 
addition, eleven space sprays were used 
for the specific purpose of horn fly con- 


! Besler Cub. 


trol. The 10 per cent chlordane solution 
was directed over the backs of the stan- 
chioned dairy animals. The barn was not 
filled with insecticidal fog in these horn fly 
treatments. One gallon of material was 
applied in each of the horn fly treatments. 
This amount was sufficient to treat 64 
cows and required 10 minutes to apply. 

The horn fly control program was 
planned to determine if the population 
could be kept at or below an arbitrary 
level of 10 flies per cow by the use of 
space sprays. Horn$fly population data 
were taken at 2 to 3 day intervals over 
a 135-day period (May 13 to September 
26). 

It was found that Jersey cows were 
significantly less attractive for horn flies 
than Holstein cows. There was also con- 
siderable variation of horn fly populations 
on the Holsteins with the flies seemingly 
showing preference for the cows on which 
black color predominated. 

Space sprays with 10 per cent chlordane 
gave quite satisfactory control during 
1948. A daily average of 6.8 flies per cow 
was maintained for the season. 

In addition to the horn fly data, infor- 
mation was obtained on the identity of 
the fly species which occurred in the dairy 
barn. Flies which were killed by the space 
sprays were picked up at regular intervals 
from the beginning of the season until 
mid August. Some 318 specimens were 
selected to represent a cross section of the 
collections and were sent to the United 
States National Museum for determina- 
tion. The groups were determined by 
C. W. Sabrosky, A. Stone and W. W. 
Wirth and contained 40 species represent- 
ing 14 families. It was interesting to note 
that the house fly, which was the pre- 
dominate species in 1945, was not taken 
in any of the 1948 collections. The follow- 
ing is a list of the species taken from the 
dairy barn in 1948 at Corvallis, Oregon. 

Famity Muscipar 

1. Paregle cinerella' (Fall.) 
2. Hydrotaea armipes' (Fall.) 
. Hydrotaea sp. (acuta Stein?) 
Fannia canicularis (L.) 
. Muscina stabulans' (Fall.) 
Stomoxys calcitrans' (L.) 
. Ophyra aenescens (Wd.) 
. Myospila meditabunda (F.) 
. Hylemya fugax (Mg.) 
10. Hylemya cilicrura (Rond.) 
11. Hylemya sp. 
FAMILY SCOPEUMATIDAE 
12. Scopeuma sterocorarium' (L.) 
13. Scopeuma furcatum (Say.) 
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FamiLy CALLIPHORIDAE 
14. Protophorima terrae-novae' (R. D.) 
FAMILY SARCOPAGIDAE 
15. Sarcophaga sp. 
16. Sarcophaga sp. 
FAMILY SEPSIDAE 
17. Decachaetophora aeneipes' (Meig.) 
18. Themira putris (L.) 
19. Sepsis bifleruosa var. curvitibia! (M. & S.) 
20. Saltella scutellaris (Fall.) 
21. Scatophora carolinensis! (R. D.) (of Spuler 
et al.) 
Famity HELEOMYZIDAE 
22. Tephrochlamys canescens! (Mg.) 
FAMILY SPHAEROCERIDAE 
23. Sphaerocera curvipes (Latr.) 
24. Leptocera ferruginata (Stenh.) 
25. Leptocera vagans (Hal.) 
26. Leptocera crassimana' (Hal.) 
27. Leptocera frontinalis (Fall.) 
28. Leptocera sp. 
FAMILY SCATOPSIDAE 
29. Scatopse fuscipes Mg. 
Famity EmpIpIpAE 
30. Probably Tachydromia sp. 
31. Rhamphomyia sp. 
Famity FUNGIVORIDAE 
32. Lycoria sp. 
FamiLy ITONIDIDAE 
33. Cordylomyia sp. probably kasloensis Felt. 
Famity DoLicHopopIDAE 
34. Dolichopus crenatus O. 5. 
35. Dolichopus scoparius Lw. 
36. Dolichopus sp. 
37. Chrysotus sp. 
FAMILY SYRPHIDAE 
38. Tubifera obsoleta (Wied.) 
39. Xanthogramma sp. 
Famity LARVAEVORIDAE 
40. Bigonicheta setipennis (Fall.) 


‘ 


1 Predominate species. 


Only a few of the above species are 
normally considered as important to live- 
stock, but dairymen and dairy inspectors 
are now interested in “‘fly free” barns and 
differentation of flies by species is of no 
importance to them 

WorkK IN 1949.—Some concern regard- 
ing the possible contamination of milk 
with chlorinated hydrocarbon _ insecti- 
cides, even at the low amounts used in the 
space sprays, led to the choice of pyrenone 
for space spraying in 1949. 

Pyrenone concentrate R. E. 50-5! was 
diluted at the rate of 1 to 49 (77.5 ce per 
gallon) in deobase oil. One gallon of the 
diluted material was used in each applica- 
tion. The applicator was used as a space 
sprayer in the same manner as in 1948. 

The hornfly control program was again 
planned to hold the population level at 
10 flies per cow. Population data were 
collected at two to three day intervals 
over a 172 day period (April 22 to October 
10). No attempts were made to fill the 
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barn with insecticidal fog in these treat- 
ments. One gallon of material was applied 
in each of the horn fly treatments and a 
total of 17 applications were made during 
the season. Five of these applications were 
made during a 17 day period (April 22 to 
June 9) in order to learn if early control 
efforts would prevent excessive popula- 
tions later in the season. 

A total of 17 gallons of the diluted in- 
secticide was used during the season. The 
daily fly population per cow per season, 
as determined from 52 observations, was 
maintained at 8.1. The Jersey cows were 
less susceptible than Holsteins but the 
difference was not as pronounced as in 
1948. 

In July, a very heavy infestation of the 
stable fly, Stomoxys calcitrans L. ap- 
peared. This species, noted rarely in 
former seasons at the dairy barn was read- 
ily killed but not effectively controlled 
with the space sprays. The incidence of 
build up of the stable fly was seemingly 
peculiar to the Oregon State College barns 
because it was not noticed in such large 
numbers in other dairy barns near Cor- 
vallis. 

COMPARISON OF 1948 AND 1949 Re- 
suLts.—Comparison of the 1948 and 1949 
horn fly experiments have been tabulated 
in table 1. 

The average amount of toxicant applied 
per cow was based on the assumption of 
equal dispersal of the space spray over the 
barn area of 5190 square feet. It was also 
assumed that the insecticide which was 
deposited on the cow would be propor- 
tionally the same as the amount settling 
on the floor area. It is recognized that 
equal dispersal is not accomplished and 
the surface area of a cow is not a flat sur- 
face. The sprace sprays in 1948 and 1949 
were applied in the same manner and the 
computed figures are intended to serve as 
a means of comparison of the maximum 
amount of toxicant applied for horn fly 
control. Only the weight of piperonyl bu- 
toxide and pyrethrum in the pyrenone 
concentrate were used as active ingredi- 
ents in computing the amount of toxicant 
applied. 

Differences in the length of the fly 
season in 1948 and 1949 make it difficult 
to compare the effectiveness of the two 
materials. Chlordane was used at con- 


1 Containing 50.0 grams Piperonyl butoxide technical, 5.0 
grams Pyrethrins, ultrasene, to make 100 ml. 
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Table 1. 








Partin ENT INFORMATION 





Miateckal: 


Amount applied per treatment 
Amount applied per season 
Time to treat 64 cows 
Total time per season 
Amount toxicant! per cow per treatment 
Total toxicant! per cow per season 
Horn fly period 
Mean population per cow per season 
Protection period of treatment 
Mean 
High 
Low 
Approximate cost of material 
per cow per treatment 
per cow per season 


C sbesGeas 10 per cent 


1 gallon 
11 gallons 
10 minutes 

2 hours 
3.85 grams 
42.3 grams 
135 days 
6.8 


12 days 
20 days 
2 days 


$0.039 
$0. 429 


1949 
Pyrenone conce whvin 
50-5 at 1 to 49 
1 gallon 
17 gallons 
10 minutes 
3 hours 
0.090 grams 
1.53 grams 
172 days 
8.1 


10 days 
16 days 
3 days 


$0.014 
$0.240 





1 The surface area of a cow is ¢ dependent on its weight and can be compute d from the formula area=0.15 weight .56 (mean weight 


to the 0.56 power) when area is expressed in square meters and weight in kilograms. 


The average weight of a cow in the dairy herd 


was 1200 pounds (544.3) kilograms) or 5.107 square meters (55 square feet) jt 


siderably greater strength than the py- 
renone sprays. Eleven treatments were 
required to hold the population of horn 
flies to a level of 6.8 per cow in a 135-day 
horn fly period. Pyrenone sprays required 
17 applications to hold the fly population 
to 8.1 over a 172 day horn fly season. 

Discussion.—There has been no indi- 
cation of the development of an insecti- 
cide-resistant strain of flies through the 
use of space sprays in the dairy barn. It 
may be reasoned that the frequent eradi- 
cations of the fly populations in the barn 
by space sprays will leave no survivors to 
perpetuate themselves and the tendency 
to develop resistance is accordingly 
reduced. 

In contrast to this condition, house flies 
have developed a decided resistance to 
DDT at the Oregon State College hog 
barn. This barn is located about 0.8 mile 
to the southwest of the dairy barn. It was 
sprayed with a residual DDT spray in 
1944; space sprayed with 5 per cent DDT 
in 1945; space sprayed with 1 per cent 
gamma benzene hexachloride in 1946; and 
residual DDT sprays in 1947, 1948 and 
1949. Resistance to DDT was not ob- 
served until 1949 but it was not proven 
until flies from this barn were tested by 
A. W. Lindquist and A. R. Roth of the 
United States Department of Agriculture, 
Bureau of Entomology and Plant Quar- 
antine, at Corvallis, Oregon. Houseflies 
from this barn were found to be highly 
resistant to DDT. 

It is believed that the success of space 
spraying for fly control in dairy barns and 


on dairy cows is dependent upon early 
applications. It was learned that, when 
fly populations were purposely allowed to 
build up, more frequent applications were 
needed to bring them under control again, 

Sanitation has been advocated as a 
measure of control in and about dairy 
barns, especially about those barns where 
houseflies have developed a resistance to 
insecticides. This is highly desirable, but 
since 1930, all emphasis on fly control has 
been directed toward the use and improve- 
ment of chemical control. This has re- 
sulted in the present high standards of 
“fly free” barns. 

The results of the experimental work in 
dairy barns in Western Oregon indicate 
that space sprays if properly timed will 
maintain the high standards of fly control 
which are demanded at the present time. 
It is hoped that these methods will prevail 
until sufficient emphasis can be directed 
in future research toward the improve- 
ment of practical sanitary measures for 
the prevention of larval development. 

Considerable biological data on the 
species present in dairy barns must be 
collected if future control is to be depend- 
ent on sanitary measures and if our 
present standards are to be maintained. 

SUMMARY.—Space spraying has been 
practiced at the Oregon State College 
dairy barn for five years. Control of the 
house fly and the horn fly has been quite 
satisfactory. It has been necessary to 
space spray stanchioned cows in order to 
control these two species. 

The stable fly became troublesome for 
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the first time in 1949 and was readily 
killed but not effectively controlled by 
space sprays. 

There has been no indication of de- 
velopment of insecticide resistant strains 
in the dairy barn. This is in contrast to 
conditions in the college hog barn, where 
DDT resistant flies have developed after 
the use of residual sprays. 

Eleven to 17 space sprays may be 
necessary for horn fly control under 
Western Oregon conditions depending on 
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the length of the horn fly season. It was 
indicated that early treatments aided in 
preventing later development of heavy 
horn fly populations. 

Insecticides such as DDT, chlordane 
and pyrenone have been satisfactory for 
space sprays. The use of any of these 
materials is economically feasible. Pyre- 
none sprays may have some advantage 
because, according to present information, 
there is little likelihood of milk contamina- 
tion through their use. 


LITERATURE CITED 
Anonymous. 1950. Agricultural Chemicals, V(1): 75-6. 
Broady, Samuel. 1945. Bioenergetics and growth with special reference to the efficiency complex 
in domestic animals. Page 359. A Herman Frasch Foundation publication; Reinhold Publishing 
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Exeretion of DDT and TDE in Milk from Cows 
Treated with These Insecticides 


H. V. Ciasorn, H. F. Beckman, and R. W. Wetts, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Studies during the last few years have 
established that DDT sprayed on cattle 
is excreted in the milk. Howell et al. (1947) 
showed that cows sprayed with DDT in 
excessive amounts continued to excrete 
the insecticide in their milk until the end 
of their lactation period. Workers at the 
Kerrville, Texas, laboratory of the Bureau 
of Entomology and Plant Quarantine 
(unpublished data) found that when 
treated cows were prevented from licking 
themselves, the concentration of DDT 
excreted in the milk was not appreciably 
affected. Comparisons of milk samples 
from cows treated with a_ wettable- 
powder suspension and with an emulsion 
of DDT showed practically no difference 
in contamination. Carter et al. (1949) 
reported on analyses of milk from com- 
mercial dairy herds treated with DDT for 
horn fly control throughout the summer 
of 1947. Two herds sprayed four times 
between May 15 and September 22 with 
a wettable-powder suspension containing 
0.5 per cent of DDT averaged about 0.6 
p.p.m. of DDT in milk samples taken at 
weekly intervals during the fly season 
(about 5 months). 

During the summer of 1948 experiments 
were made near Kerrville to measure the 
effects of different methods of spraying 
on horn fly (Siphona irritans (L.))—control 
and on insecticide contamination of 





milk. The phases of this experiment re- 
lating to insect control with four chlori- 
nated hydrocarbon insecticides—-DDT, 
methoxychlor, 1,1 dichloro-2,2-bis(p- 
chlorophenyl)ethane (TDE), and_toxa- 
phene—were reported by McGregor 
(1949). The extent to which milk was 
contaminated when barns and cattle were 
sprayed with DDT and TDE is discussed 
in this paper. These two insecticides were 
chosen for study because an accurate 
method was available for determining the 
amount in the milk samples. 

MarerRIALs AND Mernops.—-Four 
dairy herds were sprayed with DDT and 
three with TDE. Emulsion concentrates 
of these insecticides were formulated in 
the laboratory as follows: Insecticide 25 
per cent, xylene 65 per cent, and an 
aralkyl polyether alcohol 10 per cent. The 
concentrates were diluted with well water 
to a concentration of 0.5 per cent of in- 
secticide, and the emulsions were applied 
in four ways—2 quarts over the entire 
body of each animal, 1 quart over the 
entire body, 1 quart over the dorsal half 
of the body (topline spraying), and 1 
quart over the ventral half of the body 
(underline spraying). Treatments were 
repeated as frequently as was necessary 
to prevent horn fly annoyance. While the 

1 Presented at the annual meeting of the Texas Entomological 


Society at Waco, Texas, Feb. 17-18, 1949. 
2 Triton X-100. 
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rattle were being sprayed, they were con- 
fined in stanchions in the dairy barns. 

At the beginning of the horn fly season 
all barns were infested with house flies, 
Musca domestica L., and in some of them 
stable flies, Stomorys calcitrans L., were 
annoying. As the tests were initiated, all 
the barns were sprayed with 5 per cent 
emulsions made from commercially for- 
mulated emulsion concentrates of the 
same insecticides as were used on the 
rattle. Some of the barns had to be re- 
treated during the summer. Before the 
barns were sprayed, all the cows and 
milking equipment were removed, and 
the operators tried not to wet the feed 
troughs and stanchions. 

Composite milk samples were taken 
from each herd before treatments were 
begun and at weekly intervals throughout 
the summer. The cows were milked with 
machines, and the milk was poured into 
10-gallon cans. The milk in one of the 
10-gallon cans (representing the produc- 
tion of five or more cows) was stirred 
thoroughly and about 1 pint was with- 
drawn as a composite sample. This milk 
was taken to the laboratory immediately 
for butterfat determination. Duplicate 
50-ml. samples of the milk were treated 
with formalin and refrigerated pending 
analysis. From 18 to 20 samples were 
analyzed from each of the seven dairies. 

The colorimetric method used for the 
determination of DDT and TDE 
(Schechter et al. 1947) is specific for these 
two compounds and is sensitive to 0.1 
p.p.m. 

Resutts.—The results of all analyses 
are given in tables 1 and 2. 

Discussion.—The average amount of 
DDT and TDE appearing in milk of 
dairy cattle where these insecticides were 
applied to barns and on cattle for fly 
control ranged from 0.14 to 0.33 p.p.m. 
during the fly season. 

An examination of tables 1 and 2 shows 
that barn spraying caused contamination 
of milk taken subsequently. This was not 
invariably the case in all dairies; neither 
did it occur consistently in any one dairy. 
When 5 per cent DDT was sprayed in 
barns 10 times, an increase of DDT in the 
milk was apparent after three of the 
sprayings. When 5 per cent TDE was 
sprayed in barns five times, there was a 
marked increase of insecticide in the milk 
after four of the sprayings. Although 


Table 1—DDT content of milk taken from 
four dairies in which barns were sprayed with 5 
per cent of DDT and cows with 0.5 per cent of 
DDT. Barns in all dairies sprayed on April 24. 
Barns in dairies 2, 3, and 4 sprayed again on July 
13 or 14 and on August 25. 








DDT (p.p.m.) 


Dairy 1 Dairy 2 Dairy 3 Dairy 4 











Date oF Sam- (2qt. (Ilqt. (1qt. (lat. 
SPRAYING PLING entire entire top- under- 
CaTTLe Date animal) animal) _ line) line) 
Apr. 30 Apr. 29 0.4 = 0.2 — 
(all dairies) May 7 6.7 0.7 - 0.3 
May 15 (dairy 4) 14 0.5 0.4 0.3 0.1 
22 (dairy 3) 21 0.4 0.2 0.2 0.2 
29 (dairy 4) 28 0.3 0.2 0.4 0.2 
June 5(dairy2) June 4 0.2 0.1 0.3 0.3 
ll 0.3 0.3 0.2 0.2 
18 0.3 - 0.2 0.2 
25 _ 0.2 
July 2 - — 0.2 
6 0.2 0.2 0.1 
9 - -- 0.2 
14 0.2 0.2 0.1 - 
16 — - - 0.6 
20 «0.1 0.4 0.2 
23 - — 0.2 
37 = (0.1 0.2 0.1 
30 — - — 0.3 
Aug. 3 0.1 0.2 0.0 = 
6 — - -- 0.1 
10 «0.1 0.1 0.1 
18 — 0.1 
17 0.1 0.1 0.0 — 
20 —_— - 0.0 
240—CO0.1 0.0 0.1 
26 6«(O.1 1.3 0.2 0.2 
27 0.1 0.3 0.1 
31 0.1 0.1 0.1 0.1 
Sept. 7 0.1 0.1 0.1 0.0 
Average 0.2 0.3 0.2 0.2 





Table 2.—TDE content of milk taken from 
three dairies in which barns were sprayed with 5 
per cent TDE and cows with 0.5 per cent TDE. 
Barns in dairies 6 and 7 sprayed on April 24, dairy 
5 on May 3, dairy 7 again on July 9, and dairy 6 
on July 14. 





TDE (p.p.m.) 





Dairy 5 Dairy 6 Dairy 7 





DaTE OF (2 qt. (1 qt. (1 qt. 
SPRAYING SAMPLING entire entire under- 
CATTLE Date animal) animal) line) 
Apr. 30 Apr. 29 — | 1.3 
(all dairies) a 7 1.1 0.3 0.2 
13 = 0.2 . 
May 14 (dairy 7) 14 0.4 — 0.0 
15 (dairy 6) 21 0.3 0.4 0.0 
29 (dairy 5) 28 — 0.4 0.0 
June 2 (dairies June 4 0.5 0.6 0.1 
6 & 7) 11 0.3 0.4 0.0 
18 0.2 0.3 0.1 
25 - 0.2 0.0 
July 2 - 0.0 0.0 
6 0.2 
July 9 (dairy 7) 9 -— 0.2 0.1 
14 (dairy 6) 16 -- 1.5 0.2 
20 0.1 
23 0.2 0.1 
30 0.2 0.2 
Aug. 3 0.2 - 
6 0.1 0.1 
10 0.1 
18 0.1 0.1 
20 0.1 0.1 
24 0.1 - 
26 0.1 0.1 
31 0.0 0.0 
Sept. 7 - 0.1 0.1 
Average 0.3 0.3 0.1 
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barn treatments with DDT and TDE 
sometimes caused pronounced contami- 
nation of the milk, the insecticide levels 
dropped rapidly and no contamination 
was apparent after a few days. The res- 
idues in milk as a result of spraying the 
cows directly obscured any low levels of 
contamination caused by barn spraying. 

The four herds treated with DDT and 
the three herds treated with TDE for 
horn fly control excreted the insecticides 
in milk throughout the fly season. The 
average contamination for the entire 
season was 0.21 p.p.m. for the herds 
sprayed with DDT and 0.25 p.p.m. for 
the herds sprayed with TDE. Apparently, 
this contamination can be attributed in 
part to the treatment of barns for house 
fly control. 

SumMArRY.—In an experiment made 
near Kerrville, Texas, to determine the 
extent to which milk was contaminated 
when barns and cattle were sprayed with 
DDT and TDE, four dairy herds were 
treated with DDT and three with TDE 
for horn fly control during the 1948 fly 
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season. Each insecticide was sprayed as a 
0.5 per cent emulsion in four ways: 2 
quarts per animal over the entire body, 1 
quart over the entire body, 1 quart on 
the dorsal half of the body, 1 quart on the 
ventral half of the body. Composite milk 
samples from each herd were taken at 
weekly intervals throughout the summer, 
and analyzed by an established colori- 
metric method. 

Individual treatments of the cattle 
with DDT caused the appearance of more 
insecticide in milk than did similar treat- 
ments with TDE. However, as TDE was 
applied more frequently to secure the 
same degree of fly control, the average 
contamination for the season was about 
the same for both insecticides. Single 
sprayings with 2 quarts of insecticide 
‘aused more contamination than single 
sprayings with 1 quart of insecticide. 

Dairy barns were sprayed with 5 per 
cent of TDE or DDT for fly control. In 
some instances treating the barn with 
these residual sprays caused an increase 
in insecticide content of the milk. 


LITERATURE CITED 
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Exton J. Hansens, New Jersey Agricultural Experiment Station, New Brunswick 


In 1948 DDT failed to control flies in 
many areas in New Jersey because the 
house fly had developed resistance to the 
insecticide (3). This fact plus the recom- 
mendation that use of DDT be avoided 
on dairy animals or in dairy barns led to 
investigation in 1949 of other insecticides 
for fly control in dairy barns. Studies were 
made of the initial and residual effective- 
ness in fly control of the following in- 
secticides: DDT, ditolyl trichlorethane, 
methoxychlor, lindane, chlordan and 
dieldrin. 

Various phases of the testing program 
were conducted in twenty-two barns in 
Monmouth, Middlesex and Hunterdon 
Counties. With certain exceptions, one 


insecticide was used in each barn as often 
as necessary to obtain fly contrél for the 
season. 

Most of the barn interiors were of un- 
painted wood; two were of cinder block. 
The type of construction of barns seemed 
to have little effect upon residual action 
of the insecticide, except that more in- 
secticide spray was necessary for proper 
coverage of cinder blocks. Sanitation 
practices were good to excellent in all ex- 
cept barn 4. 

Spray was applied with a single nozzle 
orchard-type spray gun to walls, ceilings 
and exposed timers to the point of run- 


1 Paper of the Journal Series, New Jersey Agricultural Experi- 
ment Station, Rutgers University, the State University of New 
Jersey, Department of Entomology. 
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off. Care was taken to cover watering 
cups, feed troughs, and feed before spray- 
ing. Barns were sprayed as often as neces- 
sary for fly control. 

MeasurinG Fry Conrrou.—Several 
methods of measuring abundance of flies 
were tried during the season. Fly ribbons 
placed in the barn were not satisfactory 
as means of determining fly abundance. 
The best method seemed to be a visual 
classification of fly abundance in four 
categories, namely, 1. scarce—total flies 
in barn easily counted, 2. few—1 fly rest- 
ing on each stanchion, 3. numerous— 
average of 2 to 5 flies resting on each 
stanchion, and 4. abundant—more than 5 
flies per stanchion. When a fly index of 3 
was reached in a barn, respraying was 
considered necessary, but usually an in- 
dex of 4 was reached by the time the next 
spray application was made. 

Two other methods were used to deter- 
mine the residual action of the insecti- 
cides, namely: (1) cage tests on the walls 
in barns, and (2) panel tests in the 
laboratory. 

In the cage tests flies were taken into 
the barns at about weekly intervals in 
cages of the type described by Barber & 
Schmitt (1948) and exposed on the 
sprayed walls for 30 minutes. In each test 
two strains of flies were used, the non- 
resistant laboratory strain and a DDT- 
resistant (Ellenville strain—originally col- 
lected in a resort hotel at Ellenville, N.Y., 
and subsequently reared in the laboratory 
without exposure to insecticides) strain. 
The test location in the barns was se- 
lected at random, and each successive ex- 
posure was made at the same location. 
Cages, loaded in the laboratory with 25 
to 50 recently fed flies, were held in place 
in a vertical position with tacks. It was a 
simple matter, following exposure, to re- 
move the cages from the walls by slipping 
a sheet of cardboard behind the cage and 
removing cage and cardboard sheet with 
a pancake turner. About an hour after 
exposure, flies were fed skim milk. 

Test flies were returned to the air- 
conditioned laboratory as quickly as pos- 
sible after exposure. This period never ex- 
ceeded 4 hours. Final counts of mortality 
were made after 24 hours. With few ex- 
ceptions, flies were not affected by heat or 
travel. Untreated cages of flies were al- 
ways carried on these field tests. Results 
of these tests are discussed along with the 
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visual observations of fly control for the 
various materials. 

The second method consisted of ex- 
posing flies in the laboratory on plywood 
panels sprayed during the spraying of the 
barns. This method of determining in- 
secticide residual action was used as a 
check on the first method. Two panels 
were treated in each barn and new panels 
were exposed each time a barn was 
sprayed. Thereafter, at intervals of a week 
or more, cages of flies of each strain were 
exposed 30 minutes on these panels to 
find out how long the insecticide re- 
mained effective. Tests were continued 
on each set of panels until spraying was 
necessary in the corresponding barn. 

Resutts oF ContTrou Strupiges.—Fly 
control data for the insecticides used are 
summarized in the accompanying tables. 
Additional observations were made on all 
treatments, but only the more important 
data are presented. 

Data in table 1 show results of field 
tests of 5 per cent DDT in clay base, 50 
per cent wettable DDT, and 50 per cent 
wettable ditolyl trichlorethane. The 5 per 
cent DDT in clay base whitewash gave 
about one month of fly control in both 
barns 1 and 2. In barn 2 additional DDT 
was added because a lighter coat of white- 
wash was desired. The 50 per cent wetta- 
ble DDT (barn 3) applied as a comparison 
and with DDT at the same rate, gave 
about 2 months of control. Lack of ef- 
fectiveness of DDT in barn 4 was due to 
poor sanitation. The ditoly] trichlorethane 
gave initial kills of flies in both barns 1 
and 2, but within a week flies were as 
abundant as before treatment. In barn 3 
which had received DDT instead of di- 
tolyl trichlorethane, the DDT also gave 
poor results with the second treatment, 
flies being numerous ten days after spray- 
ing. Therefore, in all three barns 40 Ibs. 
of 50 per cent wettable DDT was used for 
the third spray application and again fly 
control failed within 2 weeks. It was 
evident that DDT was no longer a satis- 
factory material. 

The data on cage tests (Table 1) show 
that fresh deposits of DDT wettable 
powder kill flies of either strain in most 
‘ases with 30 minutes’ exposure. The 
clay base paints gave different kills of re- 
sistant and nonresistant flies from the 
start. 

Flies were then collected in barns 1, 2 
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Table 1.—Fly control in barns sprayed with DDT wettable powder, DDT water paint and ditolyl 
trichlorethane. 








CaGEs EXxPosED ON 
Watts 30 Minutes 
Per Cent Kini 


Date Date Fiy DDT- 
Barn Marerrar per 100 Gas. SPRAY SPRAYED OBSERVED InpEx! Resistant Laboratory 

1 180 lbs., 5% DDT in clay base May 11 June 14 8 34 100 

June 20 78 100 

July 11 $ 21 100 

1 20 Ibs., ditolyl trichlorethane July 12 July 19 3 98 100 

July 26 

I 40 Ibs., 50% wettable DDT July 26 Aug. 8 2 100 100 
Aug. 15 3 

Aug. 19 3 100 100 

2 120\lbs.,5% DDT in clay base plus May 12 June 15 3 212 100? 

5 lbs. 50% wettable DDT June 21 4 24 100? 

July 8 25 100 

July 12 25 100 

2 20 Ibs., ditolyl trichlorethane July 12 July 21 + 100 100 

50% wettable DDT July 26 Aug. 8 t 100 100 

3 20 Ibs., 50% wettable DDT May 11 June 21 2 92? 100? 
July 14 4 

3 20 Ibs., 50% wettable DDT July 14 July 29 3 100 100 

3 40 |bs., 50% wettable DDT Aug. 3 Aug. 8 3 100 100 
Aug. 18 3 

t 20 Ibs., 50% wettable DDT May 11 June 13 3 100 100 

June 20 3 90 100 

June 28 4 19 100 

16 20 Ibs., 50% wettable DDT July 13 Aug. 8 + 35 100 

Aug. 25 + 33 55 

15 40 |bs., 50% wettable DDT July 27 Aug. 2 3 100 100 

Aug. 25 3 98 100 





1 Fly index: 1 =scarce; 2=few; 3=numerous; 4=abundant. 

2 15 minutes’ exposure. 
and 3 and tested in the laboratory on ply- show that much of the lindane is’ lost in 
wood panels treated with 2 mg. DDT per _ the first 2 weeks after application and 
square inch to determine possible DDT _ that by 3 to 4 weeks only 25 to 50 per cent 
resistance. of the flies are killed with a 30-minute 

From the data in table 2 it is evident exposure. In a few tests not shown in the 
that flies from all three barns showed _ table it was found that somewhat higher 
marked resistance as compared with the but not complete kills could be obtained 
normal laboratory line of flies, which were with an hour exposure. 
all killed with 15 minutes’ exposure to the In one barn (barn 22) preliminary tests 
same DDT concentration. of a different method of application were 

Lindane (Table 3) was found to be ef- made. Here one pint of 20 per cent lindane 
fective for at least 3 weeks, except for the emulsion was applied in 3 gallons of water 
first application in barn 6, where control from a hand sprayer. This method of 
lasted only a short time because of faulty treatment resulted in a deposit of lindane 
application. equal to that applied with more dilute 

The exposure tests of caged flies give spray from power equipment. The 3 to 4 
additional information on the length of weeks of acceptable fly control with this 
time lindane lasts in a barn. These data method was nearly as good as results with 
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Table 2.—Per cent kill after 24 hours of flies was not possible to differentiate between 
suspected of being DDT-resistant and exposed teatments. It is probable that the white- 


to 2 mg. DDT/saq. in. on plywood in the labora- : 
tory. g ania — wash had some adverse effect on the in- 














———_—___--—_--- secticide. 
Per Cent Kit or Fires Chlordane gave somewhat variable re- 
wat 0 aia - sults (Table 6), but, in general, controlled 
Date and Place of Collection . ; j 
ne Air a Labora- flies for 1 month to 6 weeks. During this 
SURE Barn 1 Barn? Barn 3 tory period fly control was not nearly so com- 
Periop Aug. 22. Aug. 13 Aug.13 Strain plete as with lindane because chlordane 
minutes ti<“‘i=i‘éSO”#*‘OUCO!”! aS: & Slow killer and affected flies may re- 
15 > 14 15 100 main in the barn for several hours before 
30 100 7 8 100 death. From the cage tests it appears 
60 26 35 14 100 that chlordane lasted on the walls for 3 
120 26 97 14 100 
Stetenaiail 0 96 6 0 or 4 weeks and then disappeared very 





rapidly. 


Table 3.—Fly control in barns sprayed with lindane 25 per cent wettable powder (8 Ibs./100 gals.) 
(barns 5 and 6) and lindane 20 per cent emulsions 5 qts./100 gals. (barns 7 and 8). 











Per Cent Kiuu or Fires Exposep IN 








Fy InpEx? CAGES ON SPRAYED WALLS 
Days  ———— $$$ ___—. 
AFTER Barn Barn Barn Barn Barn Barn Barn Barn 
DaTE SPRAYING 5 6 _ 8 5 6 7 8 
June 7 Sprayed 
15 8 ] 3 1 2 98! 83! 100! 100! 
23 16 l 3 1 Q 50 61 73 68 
July 8 30 2 + Q $ 22 20 22 45 
July 13 Sprayed 
21 8 ] 2 ] ] 97! 98! 99! 92! 
29 16 l Q 1 1 78 88 64 68 
Aug. 18 36 a 4 3 4 2 32 29 25 
Aug. 19 = Sprayed 
Sept. 2 14 1 1 1 g 40 46 38 63 
20 $2 2 + 2 g 





115 minutes’ exposure only; all other tests, 30 minutes’ exposure. 
2 Fly index: 1 =scarce; 2=few; 3=numerous; 4=abundant. 


power equipment and this method is much Dieldrin (Table 4) gave only a month of 
cheaper. fly control with both 8 and 20 lbs. of 50 
Lindane was also used in barns 1,2 and __ per cent dieldrin wettable powder per 100 
3 where flies resistant to DDT were — gals. water. The fly index was higher soon 
abundant in mid-August. In these barns, after spraying than with some of the 
as shown in table 4, lindane gave excellent other materials. This insecticide, like 
results for nearly a month. ; ; 
Effective fly control was obtained with ,. 1@ble 4.—Effect of lindane on DDT-resistant 
. flies in barns. 
the wettable powder of methoxychlor me . 











(Table 5) for a month to 6 weeks. The Caces Ex- 
emulsion (barn 15) was effective for less Wasan a0 
than 2 weeks and therefore is an unsatis- Fiy Mrnvtes 
DATE AND DATE OF In- Pes Cent 
factory residual fly control. BARN TREATMENT OBSERVATION DEX! KiLu 
In four barns, 33 and 40 Ibs of 50 per “| “Aug.19 S(t. @ Sia (tid 
cent wettable powder were compared; 8# 25% wettable Sept. 20 3 
1 gallon of spray was used for 500 and 400 2 Aug. 18 Aug. 25 1 100 
1 . 5 .°0%e - Sept. ) 
sq. ft. of wall surface respectively. Two to ee deena Sent: 90 : - 
7 days before spraying, all of these barns ; 
A . os 3 Aug. 13 Aug. 25 1 100 
had been whitewashed. Flies were abun- 8# 25% wettable Sept. 6 1 100 
Sept. 20 + 


dant in all barns. Satisfactory fly control 
resulted for 2 weeks in all barns and it 1 Fly Index: 1 =scarce; 2 =few; 3=numerous; 4=abundant. 
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Table 5.—Fly control in barns sprayed with 
methoxychlor (50% wettable powder 40 lbs. per 
100 gals.) 








Caceres Exposep ON 
Wats 30 MInuTES 
Per Cent Kitu 
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Date or Fy --- ----—— 
DATE Opserva-_ In- DDT-Resistant 
BARN SPRAYED TION DEX! Laboratory 
9 June 6 June 8 1 
13 l 100 100 
15 100 100 
28 100 100 
July 1 2 
11 3 100 100 
18 + 74 100 
26 4 
9 July 26 
Aug. 9 2 100 100 
22 3 
9 Sept. 1 
Sept. 20 + 
10 June 6 
June 13 1 100 100 
July 11 2 52 63 
18 3 70 Sl 
20 + 
10 July 20 
July 25 2 
Aug. 9 3 100 100 
22 4 
10 Aug. 23 
Sept. 6 1 100 100 
20 4 
152 July 13 
July 27 + 





1 Fly Index: 1= 
28 gallons 25‘ 
spray. 


=scarce; 2=few; 3 = 


numerous; 4=abundant. 


methoxychlor emulsion used/100 gallons 


Table 6.—Fly control in barns sprayed with 
chlordane (20 lbs. 50 per cent wettable to 100 








gallons). 
CAGES 
EXPoOsED 
on WALLS 
Date or Fry 30 Minutes 
DaTE OBSER- In- Per CENT 
BARN SPRAYED VATION DEX! KILL 
11 June 6 June 13 Q 100 
July 11 2 87 
18 3 52 
11 July 20 Aug. 5 91 
9 3 
15 2 
23 3 
1] Aug. 23 Sept. 6 99 
20 2 
12 June 6 June 15 1 100 
28 46 
July 18 Q 
20 3 12 
12 July 20 Aug. 5 Q 83 
aS 4 





1 Fly Index: 1 =scarce; 


2=few; 3=numerous; 4=abundant. 





Vol. 43, No. 6 


Table 7.—Fly control in barns sprayed with 
dieldrin (25 per cent wettable powder). 








Caces Ex- 
POSED ON 
WALLs 30 





MATERIAL FLY MINUTES 
PER 100 Date Date In- Per Cent 
Barn’ GALs. SPRAYED OBSERVED DEX! KILL 
12 8 Ibs. Aug. 23 Sept. 6 1 100 
20 3 
13 20 Ibs. July 20 July 25 2 
29 100 
Aug. 5 100 
9 2 
18 3 100 
19 4 
8 lbs. Aug. 19 Sept. 2 1 97 
20 2 
l4 20 Ibs. July 20 July 29 2 100 
Aug. 18 3 100 
8 Ibs. Aug. 19 Sept. 2 1 100 
20 2 
21 20 Ibs. July 14 July 21 2 
Aug. 8 3 100 
15 + 
Sept. 6 4 100 
1 Fly Index: 1 =scarce; 2=few; 3=numerous; 4=abundant. 


chlordane, killed slowly and flies remained 
in the barn for long periods after being 
affected. The cage tests show that the 
material lasts for a long time and kills flies 
after several weeks. However, dieldrin, 
because of its slow action, is not a satis- 
factory insecticide for residual control of 
flies in barns. 

In general, the tests in the laboratory, 
exposing flies on panels sprayed in the 
barns, confirmed field observations and 
field tests of caged flies, but the insecti- 
cides remained on these panels longer 
than on the walls in the barns. Laboratory 
tests of the DDT-resistant strain of flies 
on panels sprayed in barns are set forth 
in table 7. Only the data on the DDT- 
resistant strain is presented since with 
these panels the (Ellenville) DD‘T-resist- 
ant strain and the (Wilson) laboratory 
strain flies behaved the same as in tests 
previously described, with lower kills of 
Ellenville flies on DDT and _ related 
materials. 

Chlordane and lindane broke down on 
panels faster than the other materials, but 
lindane, while effective, killed flies in 
much shorter time than did the other in- 
secticides. Dieldrin gave excellent results 
in the panel tests, but as mentioned pre- 
viously, field control failed apparently be- 
cause of the slow action of this material. 

ANALYsIS OF MiILK.—As a part of this 
project it was also desirable to determine 
whether or not detectable amounts of the 
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Table 8.—Fly control in the laboratory on panels sprayed in barns with various insecticides. (For 
insecticide used see barn number and date on Tables 2 to 7.) 








Per Cent Kit or Fires Exposep 30 Minutes ON SPRAYED PANELS 





Barn Barn Barn Barn Barn Barn Barn Barn Barn Barn Barn Barn Barn Barn Barn 
1 2 $ 5 7 9 10 ll 12 13 14 5 





Date Testep f 15 16 
Date Treated 6/7 6/7 6/7 6/7 6/6 6/6 6/6 6/6 
June 8 100! 100! =100! =100! =100! $100! =100! 100! 
June 15 371 271 66! 47! 100! 100! ~=100! 9@l 
June 23 8! 2 10 12 100 100 
July 21 100 69 24 
Date Treated 7/12 7/13 7/13 7/13 7/13 7/20 7/20 7/20 7/20 7/20 7/13 7/13 
July 21 and 22 100 98 84 98 75 100 95 100 100 100 100 43 82 
Aug. 5 100 34 
Date Treated 7/26 7/25 8/3 7/27 
Aug. 5 100 100 100 100) «6100 «6100 82 
8 100-100 78 38 77 53 100 100 = 100 
25 100 100 100 638 56 0 64 100 88 73 100 
Date Treated 8/19 8/19 8/19 8/19 8/19 8/23 8/23 g/23 8/19 8/19 
Aug. 25 and 26 100 100 100 100 100 100 100 100 100 
Sept. 8 100 100 100 100 68 100 100 100 100 100 100 100 100 
23 83 100 97 76 71 70 100 100 93 100 100 100 99 








1 Exposure period 15 minutes only. All tests with DDT resistant strain of flies. 


insecticides could be found in milk from 
cows kept in the various barns. Milk 
samples were collected in clean bottles at 
intervals before and after spraying and 
submitted for analysis. Results of tests in 
barns where DDT and lindane were used 
have been reported previously. Analysis 
of milk from herds housed in barns 
sprayed with methoxychlor and chlordane 
also showed no evidence of these in- 
secticides.! 

SumMARY.—A number of insecticides 
were investigated in 1949 as_ residual 
sprays for fly control in barns. Care was 
taken to cover watering cups, feed 
troughs and feed before spraying. Barns 
were sprayed as often as necessary for fly 
control. Fy control was measured by use 
of visual observations and by tests of 
caged flies on sprayed walls for known 
exposure periods. In the laboratory, tests 
were conducted with flies on panels which 
were sprayed in the barns at the time of 
treatment with the insecticides. Samples 
of milk from herds kept in barns sprayed 
with DDT, methoxychlor, lindane and 
chlordane were analyzed for presence of 
the respective insecticides. 

DDT.— Early in the season DDT gave 
adequate fly control for about two 
months. In the same barns later in the 
season DDT failed to control flies within 
two weeks of application. It was found 
that resistant flies were the cause of this 
failure. Water paint formulations gave 2 
weeks less fly control than the wettable 
powder. 

Ditolyl trichlorethane was tried in two 


barns and proved to be an inferior in- 
secticide for fly control, failing within 10 
days after treatment. 

Methoxychlor applied in two barns as 
a wettable powder gave fly control for a 
month to 6 weeks. When applied as an 
emulsion, methoxychlor controlled flies 
for less than 2 weeks. When methoxychlor 
was applied soon after whitewash its ef- 
fectiveness seemed to be reduced. 

At least a month of excellent fly control 
resulted from using 8 lbs. of 25 per cent 
wettable lindane or 5 quarts of 20 per cent 
lindane emulsion per 100 gals. The emul- 
sion is slightly preferable because it is 
easier to apply and gives slightly longer 
fly control. After 2 weeks lindane dis- 
appears rapidly from sprayed surfaces. 
Lindane gave excellent control of DDT 
resistant flies. Preliminary tests show that 
small amounts of lindane concentrate ap- 
plied from hand sprayers will give ex- 
cellent fly control. 

Chlordane gave a month to 6 weeks of 
fly control with somewhat variable re- 
sults, but killed rather slowly. Even 
though affected by the insecticides many 
flies were present in treated barns. 

Dieldrin gave about a month of satis- 
factory fly control under field conditions 
when applied either at 8 or 20 Ibs. of 25 
per cent wettable powder per 100 gals. 
In laboratory tests, this material has 
given much better results. Poorer results 
in the field are probably due to the slow 
killing action of the insecticide. 


1 These analyses were made by Thomas G. Bowery, N. J. 
Agr. Expt. Station. 
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Tests of two strains of flies were made 
in the laboratory on panels sprayed in 
barns. Results for the various insecticides 
were similar to those obtained in the field, 
but insecticides remained effective longer 
on these panels than on the walls in barns. 

Analysis of milk samples from herds 
housed in barns sprayed with methoxy- 
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chlor and chlordane showed no contamina- 
tion with insecticides. Similar results with 
DDT and lindane have been reported in 
earlier papers. 

Of the insecticides tested, methoxychlor 
and lindane were the most satisfactory 
and will be recommended for use in dairy 
barns. 
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Relative Effectiveness of Various Insecticides 


Agricultural Chemicals 5: 51-2 


for 


Control of House Flies in Dairy Barns 
and Horn Flies on Cattle 


E. W. Laaxe,! D. E. 

Early in 1949 the Bureau of Ento- 
mology and Plant Quarantine changed its 
recommendation for the control of flies on 
milk cows and in dairy barns. The change 
was made because it had been demon- 
strated that small quantities of DDT 
appeared in milk of cows treated with 
this insecticide and could sometimes be 
detected in milk following its practical use 
in dairy barns for fly control. As substi- 
tutes for DDT the Bureau suggested the 
use of either methoxychlor or pyrethrum, 
both of which were considered safe by the 
Food and Drug Administration for this 
purpose. Toxicological studies of lindane 
and toxaphene by the Bureau and state 
agencies, which were well under way at 
that time, indicated that these two new 
materials also appeared to be safe for ap- 
plication to dairy animals and to dairy 
barns. 

Because the comparative value of these 
four materials was not established for this 
purpose, it was urgent to determine which 
of them to employ for maximum ef- 
ficiency and economy. Such an investiga- 
lion was made during the summer of 1949 
by the Bureau in cooperation with the 
Departments of Entomology, Oklahoma 


A. &. M. College; University of Missouri; 
and Kansas State College of Agriculture; 
and the National Live Stock Loss Pre- 


Howe .t,? P. A. Daum,’ P. C. Stone,’ and Ray L. 


Curré 
vention Board, Kansas City office, at 
their respective locations. 

This report presents the results ob- 
tained in the cooperative tests. Data are 
presented on the relative effectiveness of 
the insecticides against house flies, Musca 
domestica L., and horn flies, Siphona ir- 
ritans (L.). No uniform data were ob- 
tained on the relative effectiveness of 
these materials against other flies that 
attack cattle, and the question of safety 
of the insecticides from the standpoint of 
milk contamination was not included as 
one of the objectives in this program. 

Meruops.—The Bureau and the co- 
operators agreed to use the formulations 
and concentrations of the test materials 
as listed in tables 1, 2, and 3. For deter- 
mining the population density of house 
flies in dairy barns it was agreed to use 
the Scudder fly-grill method (Scudder 
1947) on two consecutive days before 


1 Bureau of Entomology and Plant Quarantine, Agr. Res. 
Adm., U.S. Dept. of Agriculture. 

2 Oklahoma Agricultural and Mechanical College. 

3 Kansas State College of Agriculture and Applied Science. 

4 University of Missouri. 

5 National Live Stock Loss Prevention Board. 

6 Our canton and thanks are due to Clifford Gay, Okla- 
homa A. College; Carrol Vulgamott, University of Mis- 
souri; end’ Thome as Gatie and Orlan Cooley, Kansas State Colle ge 
of Agriculture, temporary employees of the Bureau of E ntomol- 
ogy and Plant Quarantine, and all graduate students in the 
Departments of E ntomology i in their respective institutions, who 
assisted in selecting the dairy barns and herds, applying most of 
the treatments, and observing and recording the results of these 
tests. 
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spraying and on the third, fifth and 
seventh day after spraying, and then 
twice a week until the number of house 
flies reached or exceeded an average of 
seven for each station inside and outside 
the barn. The buildings were then re- 
treated immediately. The inside and out- 
side walls and ceiling were thoroughly 
sprayed, but not the floor, stanchions, or 
food and drinking containers. Small 
power sprayers were used for applying the 
spray. 

The density of horn fly populations on 
dairy and beef cattle was determined at 
least once immediately before the animals 
were sprayed the first time; on the third, 
fifth, and seventh days after they were 
sprayed; and then twice a week until the 
average number of horn flies per head in 
the treated herd exceeded 25 per animal. 
The animals were then re-treated as soon 
as possible. Materials requiring applica- 
tion as often as every week were elimi- 
nated from the test after two applications 
either to barns or to cattle. 

The tests on dairy barns and dairy 
cattle were started the last week in May 
at the Oklahoma A. & M. College and 
early in June at the University of Mis- 
souri and the Kansas State College. The 
tests on beef cattle by the National Live 
Stock Loss Prevention Board were started 
during the week of May 22 in the Kansas 
City area. Both horn and stable flies were 
present in fair to good numbers when the 


first treatments were made, but house flies 
in and about barns were still generally 
scarce and almost absent in at least a few 
of the barns in each test location. 

At the Kansas State College and the 
University of Missouri the dairy barns 
and the dairy herds were randomized and 
two were used for each compound. At the 
Oklahoma A. & M. College an effort was 
made to select three dairies for each 
material to be tested that would give a 
well-balanced group for each material and 
at the same time represent three types of 
dairy sanitation—excellent, fair to good, 
and very poor. 

In selecting the dairies in this manner 
at the Oklahoma A. & M. College, it was 
hoped that some difference in the effec- 
tiveness of the insecticides would be re- 
flected under different sanitary condi- 
tions. A study of the fly densities which 
generally prevail under specific conditions 
of dairy sanitation was also desired. 

Before the tests were concluded, late in 
August, house flies had become rather 
abundant in most of the barns at each 
test locality, but not in all of them. Long 
before the tests were completed it became 
obvious to all the operators that sanita- 
tion in and about the dairy barns greatly 
influenced the population density of house 
flies and the length of time residues of all 
the test materials remained effective. In 
at least some of the barns it also appeared 
that flies were manifesting resistance to 


Table 1.—Residual protection with lindane, methoxychlor, pyrethrum, and toxaphene sprays for 
the control of house flies in dairy barns. Dosage, 1 gallon per 750 square feet. 








BARNS SPRAYED 


TREATMENT State 


Number 

Methoxychlor 1%, wettable- Kansas t 
powder suspension Missouri 3 
Oklahoma 3 

Toxaphene 1%, emulsion Kansas 2 
Missouri 3 

Oklahoma 3 

Lindane 0.25%, emulsion Kansas 2 
Missouri 3 

Oklahoma $ 


Pyrethrum 0.1% plus pipero- Kansas 
nyl butoxide 1%, emulsion Missouri 


Oklahoma 


wre 2 


Days Resipuat Protection Arter TREATMENT 
ALL SPRAYINGS 


Range Average 
13 to 31 20.1 
1.5 to 63 8.7 
1.5 to 20.5 11.2 


Average 15.0 


13 to 29 7 
4 to 57 24.5 
1.5 to 51 “axa 

Average 14.4 
Ll tos 


4 to 29.5 
14.5 to 56 


2 © 
Dee 
“10 


Average 17.1 


6 to 7 6.7 
6.5 6.5 
1.5 to 29 5.8 


Average 6.6 
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Table 2.—Residual protection with lindane, methoxychlor, pyrethrum, and toxaphene sprays for 
the control of horn flies on dairy cattle. Entire animal covered with 2 quarts of spray. 








Herps SPRAYED 


TREATMENT State 
Methoxychlor 0.5%, wet- Kansas 4 
table-powder suspension Missouri 3 
Oklahoma 3 
Toxaphene 0.5%, emulsion Kansas Q 
Missouri 3 
Oklahoma 3 
j ane QO, a 5 “ansag 9 
} . : sas 
Lindane 0.025%, emulsion Kansas 2 
Missouri 2 
Oklahoma 3 
Pyrethrum 0.05% plus pip- Kansas Q 
© 40 
eronyl butoxide 0.5%, Missouri I 
emulsion Oklahoma Q 


Number 


Days Resitpuau Protection Arrer TREATMENT 
ALL SPRAYINGS 


Range Average 

12.5 to 37 19.5 

8.5 to 26 14.9 

9.5 to 41 19.0 
Average 17.8 

16 to 33 18.9 

8.5 to 26 16.9 

12 to 43.5 20 
Average 18.7 

25 to 49 3 


Or 


2.5 to 15. 
5 to 20 1% 
Average 14.3 


ws 2 Or 
o~ 


&.8to0 7 6.6 
4 4.0 
5 told 7.6 


Average 6.8 





the insecticide used. These and probably 
still other unknown factors seemed to 
have had a profound effect on the residual 
protection given by all the materials when 
they were applied to barns where these 
factors developed during the season. How- 
ever, since these seeming variations or in- 
fluences were well distributed among all 
the test materials, the overall average of 
the results obtained with each material 
tested must be considered to be a good 
yardstick of its effectiveness under all 
sorts of local environments. 

The range and average of residual pro- 
tection obtained with each material in 
each test location and the average for all 
treatments at all locations are given for 
barn spraying in table 1, for dairy-cattle 
spraying in table 2, and for beef-cattle 
spraying in table 3. 

Discussion oF Resutts.—The data in 
table 1 show tremendous variations in 
the range of effective residual protection 
obtained with the same material in dif- 
ferent dairy barns. When these barns were 
selected for the test, it was thought they 
were comparable with all the other se- 
lected barns in the same test locality. All 
operators observed, however, that the 
longest periods of protection with each 
test material were always obtained in 
barns in and around which there was good 
sanitation and a constant low fly popula- 
tion, whereas the short periods of pro- 
tection were always associated with con- 


stant heavy fly populations due to poor 
sanitation about the barns and other fly 
breeding places on the farm. In some 
barns there was evidence of resistance to 
the insecticide by the house fly. 

The data in table 2, control of horn flies 
on dairy cattle, show good uniformity in 
results obtained at all test stations with 
all materials except lindane, which ap- 
parently gave exceptionally good residual 
protection in Kansas but rather poor pro- 
tection in Missouri and Oklahoma. There 
was no indication of horn fly resistance at 
any of the test stations, but considerable 
differences in fly populations among the 
different dairy herds were noted. These 
differences were due to local conditions 
that developed during the period of the 
test. Most of the dairy herds were not 
isolated from adjoining infested herds. 


Table 3.—Residual protection with lindane, 
methoxychlor, pyrethrum, and toxaphene sprays 
for the control of horn flies on beef cattle at Kan- 
sas City, Mo. Entire animal covered with 2 
quarts of spray. 








Days Restpvuav Pro- 
TECTION ArTER TREAtT- 
MENT ALL SPRAYINGS 





Herps - — 
TREATMENT SPRAYED Range Average 
Methoxychlor 0.5%, wet- 
table-powder suspension 2 25 to 60 38.8 
Toxaphene 0.5%, emulsion 4 16 to 45 27.6 
Lindane 0.025%, emulsion Q 9 to 34 18.2 
Pyrethrum 0.05% plus pip- 
eronyl butoxide 0.5%, 
i 2 4 to 19 11.8 
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The results ‘obtained from spraying 
beef cattle in the Kansas City area (Table 
3) indicate that all the test materials gave 
greater residual protection for horn flies 
on beef cattle than on dairy cattle. This 
is questionable, however, because the beef 
herds used in this test were well isolated 
from other cattle. Since most of the in- 
secticides used are effective for killing the 
horn fly for a period greater than that of 
the life cycle of the fly, reinfestation of 
isolated herds to the point where they 
have to be re-treated is known to be de- 
laved for days or even weeks as compared 
with similarly treated herds not so well 


isolated. 

The varying factors that developed 
during the course of this test and that ob- 
viously influenced the effectiveness and 
residual duration of the material tested 
were only normal ones under field condi- 
tions and must be expected to occur al- 
most every season. The evaluation of the 
test insecticides on the basis as given in 
tables 1, 2, and 3 should, therefore, be a 
good yardstick of what these four ma- 
terials can be expected to accomplish in 
the areas in which they were tested for 
the control of house flies in dairy barns 
and horn flies on dairy and beef cattle. 
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Effects of DDT Spray Residues on Larvae of 
the Tick Dermacentor variabilis, Say 


D. L. Coturns and R. V. Narpy 


As a part of the research on tick and 
Rocky Mountain spotted fever control 
carried on by the New York State Science 
Service and the New York State Depart- 
ment of Health, spray experiments were 
made in which different amounts of DDT 
were applied for control of the tick Der- 
macentor variabilis Say to plots ranging in 
size from 1 square yard to one-quarter 
square mile, and to strips of roadside vege- 
tation from 50 yards to several miles long. 
In some of these experiments there was 
little or no reinfestation over a long per- 
iod, and even the following season the con- 
trast between sprayed and adjacent un- 
sprayed areas was noticeable. These and 
certain other observations suggested that 
spray residue may have affected the tick 
larvae which hatched in the area subse- 
quent to the spraying. In the present 
paper are published the results of studies 
of the effects of DDT spray residues on 
the tick larvae. 

The female tick oviposits on the 
ground near the point where she has fallen 
off her host after engorgement. The nor- 
mal egg production of one female is said 
to be from 4000 to 6500 eggs (Bishopp & 
Smith 1938). Upon hatching, the larvae 
crawl over the ground and debris and 
eventually attach to a small mammal such 
as a meadow mouse. As far as the writers 


are aware, there have been no published 
studies of the effects of DDT residues on 
tick larvae during the period between 
hatching and attachment. 

MATERIALS AND Mernops.—In 1948, 
preliminary laboratory tests were made to 
determine the residual effect of DT on 
Dermacentor variabilis larvae. Three piece 
of bond typewriter paper were sprayed 
with a 5 per cent DDT emulsion! at the 
rate of 1 pound, 2 pounds and 5 pounds 
per acre respectively. An additional piece 
of paper was left untreated as a check. At 
daily intervals for a period of 5 days ap- 
proximately 100 active D. variabilis larvae 
were placed on each of the four papers, 
and the paper was folded and placed in a 
muslin-covered quart jar. Counts were 
made 24 hours after the larvae had been 
placed on the paper. As soon as these 
counts were completed a fresh group of 
larvae was placed on each paper and 
treated in the same manner. Approxi- 
mately 500 larvae were used for each of 
the three treated papers and for the check. 
All of the larvae on the treated papers 
were dead upon examination, while there 
was no mortality in the check series. 

1 The emulsion base was prepared by dissolving 2 pounds of 
technical DDT in a sufficient quantity of benzene to make 116 
ounces of solution. Twelve ounces of Triton X-100 emulsifier 


were then added to make 1 gallon of approximately 25% DDT 
emulsion base. 
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Table 1.—Mortality of tick larvae following exposure to DDT residues. Data from tests made in 
1948. 
WEATHERING Per Cent Mortauity! at INpicaTED DosaGEe or DDT per AcrE 

AFTER —— - ~ = 
TREATMENT Untreated 1 |b. 2 Ibs. 5 lbs. 10 Ibs. 20 Ibs. 

2 weeks 16 6.6 14.6 74.6 100 100 

3 weeks 6 5.3 5.3 94.6 100 100 

5 weeks 11 -- — 0 100 — 

6 weeks 5 31 0 $2 100 100 

6 weeks 13 — — 30 97 100 

6 weeks 2 — — 1 95 96 

6 weeks 4 _— —_ 7 87 — 





1 Per cent mortality calculated from sum total of five replicates of 20 ticks each except in checks for 2 and 3 week periods which 
had six replicates of 25 ticks each, and all remaining treatments for 2 weeks and 3 weeks, which had 3 replicates of 25 ticks each. 


Since the above tests showed that tick 
larvae were killed by DDT residues, tests 
were planned which approximated natural 
conditions more closely. Six plots, each 
approximately 4 by 6 feet were laid out in 
a grassy field that had not been previ- 
ously sprayed. One plot was left un- 
treated, while the remaining plots were 
sprayed with DDT emulsion at the rate 
of 1 pound, 2 pounds, 5 pounds, 10 pounds 
and 20 pounds of DDT per acre respec- 
tively. The volume of spray applied was 
constant for each plot, the dosages of 
DDT being varied by increasing the 
amounts of emulsion base in the respec- 
tive mixtures. The acaricide was applied 
with a Lofstrand sprayer fitted with a 
No. 8001 Spraying Systems Company 
flat spraying nozzle, which discharges at 
the rate of 0.1 gallon per minute at 40 
pounds pressure. 

In 1948, the sprays were applied on 
August 25. After increasing periods of 
weathering, short blades and stems of 
grass were collected from each area by 
snipping grass clumps close to the ground. 
The clipped pieces were handled as little 
as possible. They were placed in clean 
glass vials into which the tick larvae were 
subsequently introduced and allowed to 


crawl around on the grass. Either three 
replicates of 25 ticks each or five repli- 
cates of 20 ticks each were set up, except 
in two tests in which there were six repli- 
cates of 25 ticks each. In the tests of 2 
weeks and 3 weeks of weathering, the 
ticks were placed on the grass immediately 
after it was clipped. The 6-week material 
was clipped at the end of 6 weeks’ weath- 
ering and stored in pliofilm bags for sev- 
eral days before the exposures were made. 
One of the 6-week tests and one of the 8- 
week tests were made on 5 pounds per 
acre and 10 pounds per acre plots at Hither 
Hills on roadside strips, which were por- 
tions of a large-scale practical tick control 
experiment. 

In all experiments the ticks were al- 
lowed 24 hours to crawl over the grass in 
the vials; at the end of this period counts 
were made of the living and dead larvae. 

In 1949, a more complete and uniform 
series of experiments were made. The tech- 
niques were, in general, similar to those 
used in 1948. The principal differences 
were that larger plots (12 by 45 feet) were 
sprayed, a larger number of weathering 
periods was included, and in all tests the 
ticks were placed on the grass immedi- 
ately after it was clipped. In these experi- 


Table 2.—Mortality of tick larvae following exposure to DDT residues. Data from tests made in 


1949. 





WEATHERING 


Per Cent Mortauity! at INpicateD Dosace or DDT per AcRE 





AFTER 





TREATMENT Untreated 1 Ib. 5 lbs 7 lbs 10 Ibs. 20 Ibs. 
4 hours 0 84 100 95 95 91 
1 week 3 4 82 91 96 97 
3 weeks 33 3 97 90 99 100 
4 weeks 34 0 85 95 94 94 
5 weeks 1 ] 59 57 71 97 
6 weeks l 0 8 Q 45 72 





1 Per cent mortality calculated from the sum total of 5 replicates of 20 ticks each. 
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ments 100 larvae, divided among 5 repli- 
cates of 20 each, were used in each test. 
The plots included one untreated plot, 
and plots with dosages of 1 pound, 5 
pounds, 7 pounds, 10 pounds and 20 
pounds of DDT per acre. 

The sprays were all applied on July 20. 
The last observations were made on 
August 31. 

Resutts.—The work in 1948 strongly 
indicated that a dosage of as high as 5 lbs. 
of DDT per acre was needed to produce a 
sufficient residual effect to last for 3 weeks. 
Below this dosage (7.e. with 2 pounds and 
1 pound per acre) the mortality after 2 
weeks was extremely variable, averaging 
about the same as the natural mortality 
among the checks (Table 1). 

In 1949, therefore, the first examina- 
tions were made after shorter periods (4 
hours and 1 week), to determine whether 
there was any effect at all from the 1- 
pound dosage; also the 2-week period was 
omitted, and beginning with the third 
week, tests were made each week through 
the sixth week. The data obtained are 
presented in table 2 and in figure 1. 

Even the smallest dosage (1 pound per 
acre) had a high residual effectiveness for 
a few hours after spraying (Fig. 1 and 
Table 1), but it became relatively ineffec- 
tive by the end of a week (Fig. 1, Table 1). 

The larger dosage of 5 pounds per acre 
which produced a significant kill for up to 
3 weeks in the earlier tests (Table 1) was 
effective for periods up to 5 weeks in the 
1949 series. (Fig. 1 and Table 1.) There 
appears to have been little difference be- 
tween the 5 pounds per acre dosage and 
the 7 pounds dosage, both apparently 
having begun to lose effectiveness by the 
fifth week. 

Residues of the dosages of 10 pounds 
and 20 pounds were still causing a fair to 
good mortality at the conclusion of the 
tests, 6 weeks after application, although 
there were indications of decreasing ef- 
fectiveness after 5 weeks. 

In several tests there was some mortal- 
ity, especially in the check and low dos- 
age groups, that could not be explained. 
This condition in one or two replicates 
thus raised the total mortality percentage 


in those particular tests to a dispropor- 
tionate degree. It was believed that in 
those vials in which bits of green grass 
were used condensation inside of the vials 
may have been responsible for a certain 
mortality, although in other instances 
little or no mortality occurred among 
larvae that had been subjected to the 
same conditions. 

In 1949, from the date of spraying to 
the end of the 6-week period of observa- 
tion, the rainfall was 4.33 inches at the 
experimental plots. In 1948, although no 
actual measurements were made, the 
daily records show that the rainfall dur- 
ing the period was considerable. 

Other variables may have affected the 
outcome of the tests. Some of the treated 
bits of grass that were used probably had 
little or no spray residue. After the first 
few minutes of activity following their 
placement on the grass, the larvae almost 
invariably clustered together on one or 
two blades of grass where they remained 
for the entire 24-hour period, thereby lim- 
iting their exposure to the DDT. It is pos- 
sible that under natural conditions, in 
their search for a host, the larvae would 
be more active and would therefore be 
more likely to be in contact with the resi- 
dues for longer periods, or to contact 
residues more often. 

With these points in mind, it appears all 
the more significant that there was such a 
consistent trend as the charts indicate, 
larval mortality varying directly with 
the dosage applied. The break seems to 
occur at the 5 pound level, dosages of 5 
pounds per acre or more providing a good 
kill for 5 weeks and lesser dosages showing 
little or no effect after the second week. 

It is possible, therefore, that DDT ap- 
plied topically at the rate of 5 pounds per 
acre to control adult ticks directly, even 
in the limited zones in which such high 
dosages are recommended, may have the 
additional indirect effect of limiting re- 
infestation by killing by residual action 
the larvae of ticks which hatch in the area 
subsequent to spraying, either from eggs 
laid before treatment, or from eggs laid 
by engorged ticks dropped by animals 
visiting the area after treatment. 
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The Effect of Temperature, Humidity, and Weather- 
ing on the Residual Toxicities to the House 
Fly of Five Organic Insecticides! 


T. P.S. Teorra and Paut A. Daum,? Kansas Agricultural Experiment Station, Manhattan 
g I 


The evaluation of the residual effective- 

ness of insecticides is of considerable prac- 
ical importance in making recommenda- 

tions for their use. Earlier workers have 
stressed the importance of various phys- 
ical factors of the environment with re- 
gard to the loss of residual effectiveness of 
insecticides. Several workers have re- 
ported significant differences in the re- 
sidual toxicities of insecticides resulting 
from their use on different types of sur- 
faces and in different formulations 
(Lindquist et al. 1944, 1945; Gahan et al. 
1945; Turner & Woodruff 1946; Clapp 
et al. 1947; Fay et al. 1947, 1948; Monro 
et al. 1947; Cotton & Frankenfeld 1948; 
Cotton et al. 1948; Maier et al. 1948; 
Bruce 1949). 

The recent introduction of several new 
organic insecticides with varying residual 
toxicities has made it desirable to study 
the influence of temperature, humidity 
and weathering on their residual effective- 
ness. The three experiments reported in 
this paper were designed to determine: 
(1) the average median lethal dosage 
(LDs50) of the five insecticides; (2) the ef- 
fect of weathering on the residual toxici- 
ties of the five insecticides; and (3) the 
effect of temperature and humidity on 
the residual toxicities of the five insecti- 
cides. 

No attempt has been made to include in 
this study the effect of the residual appli- 
cations of these various insecticides on 
the development of resistance in the house 
fly. 

MATERIALS AND Meruops.—Five in- 
secticides were used in this study: 
aldrin, chlordane, dieldrin, lindane, and 
parathion. In the first experiment these 
insecticides were used as benzene solu- 
tions in the determination of their average 
median lethal dosages. 

In the residual toxicity tests of the 
second and third experiments, com- 
mercial and laboratory emulsifiable con- 
centrates of the five insecticides were em- 
ployed. Because the exact composition 
of the commercial emulsifiable concen- 
trates was not available in all cases, these 


materials have been described in terms of 
the sample, batch, code or lot number ap- 
pearing on the label as follows: 25 per cent 
aldrin emulsifiable concentrate, sample 
3128; 74 per cent chlordane emulsifiable 
concentrate, batch 9-125-E;3 25 per cent 
dieldrin emulsifiable concentrate, sample 
number 3063 ;° 25 per cent lindane emulsi- 
fiable concentrate, code 34; 27.5 per cent 
parathion emulsifiable concentrate, lot 
84916.5 The emulsifiable concentrates 
prepared in the laboratory consisted of 10 
per cent by weight of the toxicant, 12 per 
cent of a emulsifying agent® and 78 per 
cent of the solvent.’ The toxicants used in 
these laboratory emulsions had the fol- 
lowing — itions: aldrin (recrystal- 
lized), sample 1337,° technical chlordane, 
refined grade, batch 9—509-B;’ dieldrin 
(recrystallized) sample 1338%; lindane 
sample 48-2069;§ technical parathion 
(98.2 per cent parathion), batch 66.° 

In order to determine the toxicity of 
the solvents and emulsifying agent in the 
absence of the toxicants, two other for- 
mulations were included in the second and 
third experiments. One of these formula- 
tions contained xylene, 60 parts by weight, 
plus emulsifier, 15 parts by weight, and 
the other was made with the solvent 78 
parts by weight, plus the emulsifier, 12 
parts by weight. These two formulations 
were applied to the various surfaces at 
rates which corresponded to the respec- 
tive quantities contained in most of the 
commercial emulsions and in all of the 
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ported in part by funds from Kansas Agricultural Experiment 
Station projects No. 323 (Hatch) and Commercial No. 56 
(Julius Hyman and Company, Pigg tame Colorado). Acknow]l- 
edgments are made to Dr. H. Fryer, Kansas Agricultural 
Experiment Station statistician, Z the statistical analyses and 
interpretations. 

2 Graduate student and associate professor, respectively, in 
me Department of Entomology, Kansas State College, Man- 
iattan, 

Supplied by Julius Hyman & Co, 

4 Supplied by Niagara Chemical Div., 
M iddleport, N 

5 Supplied by Planetary Chemical Co., Creve Coeur, Mo. 

6 Triton X-100, an alkylated aryl poly-ether alcohol supplied 
by Rohm and Haas Co. , Philadelphia, P a. 

7 Velsicol A R-60, a methylated naphtha) ulene solvent (B-15765) 
supplied by Velsicol C orp., Chicago, Il. 

8 Supplied by Commercial Solvents Corp., New York, N. Y. 

9 Supplied by American Cyanamid Co. , New York, N. Y. 

Pap Paper. 


, Denver, Colo. 
Food Machinery Corp., 
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laboratory emulsions of the five insecti- 
cides. The maximum allowed exposure 
time for the insecticide-containing formu- 
lations was used for the surfaces treated 
with these solvent-emulsifying agent for- 
mulations. 

The house fly, Musca domestica L., was 
used as the test insect. All house flies used 
in the tests were reared according to the 
official NAIDM method (Peet-Grady 
Method 1947). 

In Experiment 1 for the determination 
of the average median lethal dosages 
(LDso) of the five insecticides against the 
house fly, the biological assay method, 
described by Dahm & Pankaskie (1949), 
was employed. This method, as adopted, 
consisted essentially of continuously ex- 
posing uniformly sampled lots of three- 
day old house flies of known weight to 
known residues of each insecticide and 
recording the resultant per cent mortality 
after a period of 48 hours. Benzene solu- 
tions of the five insecticides were pre- 
pared so that each of these solutions 
contained the following concentrations of 
their respective toxicants: aldrin, 0.002 
mg./ml.; chlordane, 0.01 mg./ml.; di- 
eldrin, 0.002 mg./ml.; lindane, 0.002 
mg./ml.; parathion, 0.004 mg./ml. 

Another solution was prepared con- 
taining corn oil in benzene so that one 
milliliter of this solution contained 20 
milligrams of the corn oil. In order to 
prepare a suitable regression curve for 
each insecticide, appropriate quantities of 
the various insecticide solutions were 
pipetted into the bottom of clean, wide- 
mouth quart mason jars, so that residual 
quantities of the insecticides were de- 
posited, ranging from: 0.001 to 0.009 mg. 
for aldrin; 0.005 to 0.03 mg. for chlordane; 
0.001 to 0.005 mg. for dieldrin; 0.001 to 
0.006 mg. for lindane; 0.004 to 0.006 mg. 
for parathion. These dosages were deter- 
mined by certain preliminary studies 
with each insecticide. In the case of each 
insecticide six dosages, falling within their 
respective range as indicated above, were 
used. These six levels were selected for 
each insecticide so that a kill ranging from 
15 to 90 per cent was obtained in most 
cases. Sufficient data were provided by 
these six levels to determine accurately 
the slope of regression of probit mortality 
on dosage. 

The fly exposure cages, used in the 
residual toxicity studies of Experiments 
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2 and 3, were similar to those designed 
and described by Bruce (1949). To avoid 
contamination the cages were cleaned 
after each test with an approximately 
five per cent solution of potassium hy- 
droxide, washed with hot water and de- 
tergent, and rinsed in boiling water. 

Four types of test panels, representing 
surfaces encountered in residual spraying 
of buildings were prepared, consisting of 
unpainted, painted and whitewashed 
douglas fir plywood, and glass. The 
painted wood surfaces were prepared by 
applying two coats of flat-white wall 
paint, containing linseed oil as the vehicle, 
to the unpainted plywood panels. The 
whitewashed wood surfaces were pre- 
pared by applying two coats of a freshly- 
made whitewash mixture, consisting of 
five pounds of hydrated lime (soaked 
overnight in one gallon of water) and one- 
half pound of casein glue dissolved in two 
quarts of water, to the unpainted plywood 
panels. The panels were approximately 
nine inches square so as to fit on the ex- 
posure cages. 

In performing Experiment 2, a total of 
234 plywood panels were used consisting 
of 78 panels for each of the three wood 
surfaces. Six replications were run; each 
replicate was composed of 39 panels con- 
sisting of an equal number of the three 
types of surfaces. A typical replicate for 
any surface consisted of 10 panels treated 
with the commercial and laboratory emul- 
sions, two panels treated with emulsions 
of the solvent-emulsifying agent formula- 
tions, and one untreated panel. Additional 
panels were prepared as required for the 
preliminary tests. 

In performing Experiment 3, a total of 
195 glass panels were used. Five replica- 
tions were run; each replicate was com- 
posed of 39 panels distributed equally 
among the three temperature and humid- 
ity control cabinets described below. A 
typical replicate for the glass panels con- 
tained the same elements as were listed 
above for the wood surfaces. 

A comparison of the residual toxicities 
of the five insecticides, in Experiments 2 
and 3, was made on the basis of 50 milli- 
grams of toxicant per square foot of sur- 
face. A measured quantity of the water 
emulsion was applied evenly over the test 
panel with the aid of a camel’s-hair brush. 
Additional water was used to wash the 
residue from the brush onto the panel. A 
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separate brush was used for each insecti- 
cide emulsion. 

The method of exposure of house flies 
to the treated panels was similar to that 
described by Bruce (1949). Adult house 
flies, four to five days old, were transferred 
from the rearing cages to double, 1-quart, 
cylindrical paper cartons by means of a 
rapidly moving air stream. They were 
anesthetized lightly with carbon dixoide 
and thoroughly mixed; then about 100 
flies, consisting of a mixture of both sexes 
were introduced quickly into the exposure 
cage by the way of the sliding panel. Flies 
were supplied with a diluted sugar solu- 
tion for food by means of a tube loosely 
plugged with cellu-cotton. The tube con- 
taining the sugar solution was inserted 
into the cage through a hole on one side, 
thus permitting the flies to feed by contact 
After all flies had recovered from the 
anesthetic effect, the cages were inverted 
and stacked, with a treated panel on each 
cage. The sliding panel in each cage was 
then withdrawn to allow the flies in the 
cage to have direct contact with the 
treated panel for the desired exposure 
period. The flies were held at room tem- 
perature both during and after exposure 
to the treated panels. The 24-hour mor- 
talities of flies were taken as the indices of 
residual effectiveness in all these experi- 
ments. 

The constant temperature and humid- 
ity conditions used in Experiment 3 were 
maintained in electrically controlled tem- 
perature and humidity cabinets, which 
were built and described earlier by Brett 
(1944). 

The following procedures apply speci- 
fically to Experiment 2. A preliminary 
experiment was designed to determine 
the exposure time that would be necessary 
to give comparable mortalities of the five 
toxicants as well as to indicate their rela- 
tive initial surface toxicity. The three 
types of wood panels were treated with 
emulsions of the commercial emulsifiable 
concentrates so as to leave a deposit of the 
toxicant at the rate of 50 milligrams per 
square foot. The treated panels were ex- 
posed to the adult houseflies 12 hours 
after treatment for varying lengths of time 
and the 24-hour mortalities were recorded. 
Single mortality determinations were 


made for the residues of all five insecti- 
cides on the three types of wood panels 
for each of the various exposure times 
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using the testing method described by 
Bruce (1949). From the results of this 
experiment the following exposure periods 
were selected for use in Experiment 2: 
lindane, 15 minutes; aldrin, dieldrin and 
parathion, 60 minutes; and chlordane, 120 
minutes. These exposure periods were 
based upon average per cent mortalities 
produced by the three types of treated 
wood surfaces, ranging from 78 to 98 per 
cent. The selection of the exposure periods 
therefore is somewhat arbitrary, but they 
do represent closely the time necessary to 
produce comparable mortalities. 

The treated panels used in this experi- 
ment were separated by means of slotted 
wooden holding racks and placed out of 
doors on the east side of a building where 
they were exposed to all elements of 
weather during the winter months of 
November, 1949, through March, 1950. 
The panels from each replicate were 
brought indoors and biologically tested at 
intervals of 0.5, 4, 10, 23, and 45 days 
after treatment. The panels were returned 
to the holding racks out of doors after each 
testing interval except the last, when the 
experiment was terminated. The mean 
daily temperature for the months of Nov- 
ember, 1949, through March, 1950, was 
37.5° F. with a minimum temperature of 
—4° F. and a maximum temperature of 
86° F. for this same period. The total 
average monthly precipitation for the 5- 
month period was 2.17 inches. These 
winter climatic conditions are rather typ- 
ical of Kansas where the winters are drier 
and the sunshine more frequent than in 
the states to the east. 

Because of the large number of panels 
involved in the six replications it was 
necessary to stagger the preparation and 
biological testing of the insecticide resi- 
dues over a period of approximately four 
and a half months. 

The following procedures apply speci- 
fically to Experiment 3. A preliminary 
experiment was designed to determine a 
relationship between mortality and length 
of time required for a 50 and a 90 per cent 
knockdown of flies exposed to residues of 
both the commercial and laboratory emul- 
sions of the five insecticides on glass pan- 
els. The flies were considered down when 
they were on their backs and unable to 
crawl or fly. The treated glass panels were 
tested at intervals of one-half day and 2 
days after treatment. In each case, two 
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exposure times were used, (1) a 1-minute 
exposure and (2) a continuous exposure 
until either a 90-per cent knockdown of 
the flies had occurred or the flies had been 
exposed for a maximum time of 360 min- 
utes, whichever occurred first. Although a 
l-minute exposure of the flies to the 
treated glass panels, one-half day after 
treatment, produced a 100 per cent mor- 
tality with all five insecticides, this short 
exposure was not sufficient to permit eval- 
uation of the toxicity of some of the in- 
secticides after exposure of their residues 
to certain temperature and humidity con- 
ditions used in this experiment. Therefore, 
on the basis of these preliminary knock- 
down and mortality tests and the results 
and experience gained in Experiments 1 
and 2, the five insecticides were grouped 
into three categories according to their 
speed of toxic action. Parathion and 
lindane were considered to be about equal 
in their speed of toxic action, and the flies 
were exposed to residues of these two 
insecticides for only 5 minutes. Aldrin 
and dieldrin were grouped together and 
the flies were exposed to residues of these 
two insecticides for 15 minutes. Chlordane 
displayed the slowest speed of toxic ac- 
tion, and the flies were exposed to residues 
of this insecticide for 30 minutes. These 
somewhat arbitrary exposure times were 
used throughout the experiment. 

The treated glass panels were supported 
in slotted wooden racks and placed in the 
temperature and humidity control cab- 
inets, which were maintained throughout 
the experiment as follows: 108°+2° F. 
and 36+5 per cent relative humidity; 
82°+2° F. and 58+5 per cent relative 
humidity; and 52+2° F. and 76+5 per 
cent relative humidity. The panels were 
removed from the temperature and con- 
trol cabinets and biologically tested at 
intervals of 0.5, 4, 16, 28, 52, and 65 days 
after treatment. The panels were returned 
to the holding racks in the cabinets after 
each testing interval except the last, when 
the experiment was terminated. 

Resuits.—Experiment 1. The deter- 
mination of the average median lethal dos- 
ages (LDso) of the five organic insecticides. 
The average median lethal dosages (LD350) 
of the five insecticides dissolved in ben- 
zene were determined by using the bio- 
logical assay method, described above. 
The values for each insecticide were cal- 
culated by the method of least squares by 
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using the data obtained from the per cent 
mortalities as probits and the correspond- 
ing residues expressed as micrograms of 
toxicant. The total weight of house flies ex- 
posed to each toxicant residue was used to 
calculate the dosage; thus, each average 
LDso value was calculated on the basis of 
1 gram of house flies. The results appear in 
table 1 as averages, together with the 
minimum and maximum limits. 

The average regression equations for 
the five insecticides, calculated from the 
results of ten replications with each in- 
secticide, are as follows: 


- 


Aldrin Y=3.61 +0.627 X 

Chlordane Y=3.69+0.137 X 

Dieldrin Y= .09+1.42 X 

Lindane Y=3.21+0.534 X 

Parathion Y¥=3.09+0.477 X 
Where: 


Y =the expected average probit mortality for a 
given dosage X. 


These average regression equations are 
plotted in figure 1, to indicate the average 
slopes of regression of probit mortality on 
dosage. The average LD59 value for each 
insecticide is shown also in figure 1. It is 
evident from figure 1 that the average re- 
gression curves for aldrin, lindane, and 
parathion were almost parallel, while that 
for dieldrin grew much steeper. For chlor- 
dane the average slope of regression curve 
was the least. This indicated that the 
average increase in probit mortality of 
houseflies per unit increase in concentra- 
tion of toxicant was greater for dieldrin 
than for aldrin, lindane, parathion, and 
chlordane. 

Experiment 2.—The effect of weathering 
on residual toxicities of the five organic in- 
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Fic. 1.—The average regressions of probit mortality 

on dosage and the average median lethal dosages 

obtained by exposing three-day old houseflies to 

residues of five organic insecticides for 48 hours. 

(LDso values are indicated by small arrows along 
the abscissa.) 
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Table 1.—Median lethal dosage values (LD;») 
and slope of the regression lines obtained by ex- 
posing three-day old adult houseflies to residues 
of five organic insecticides for 48 hours. 











SLope or REGRESSION 
or Prospit Mortat- 
iry ON DosaGe 


LDso 
MICROGRAMS OF 
Toxicant Resipus* 


INSECTI- - - — 

CIDE Min. | Max. | Aver. | Min. | Max, | Aver. 
Aldrin? | 1.75 | 2.90 | 2.20 | 0.470 | 0.906 | 0.624 
Chlordane? | 7.60 | 13.30 | 9.66 | 0.092 0.184 | 0.187 
Dieldrint | 1.19} 1.61 1.35 | 1.196 | 1.821 | 1.415 
Lindane | 2.60 | 4.50 | 3.61 | 0.247 | 1.483 | 0.533 
Parathion | 3.40 | 4.70 | 4.04 | 0.298 | 0.605 | 0.476 





1 Recrystallized, Sample #1337. Julius Hyman & Company. 

2 Octa-Klor Brand, Technical Chlordane. Batch 172-R. 
Julius Hyman & Company, Denver, Colorado. 

3 Recrystallized, Sample #1338. Julius Hyman & Company, 
Denver, Colorado. 

4 Calculated on the basis of one gram of houseflies. 
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secticides. The object of this experiment 
was to obtain information on the persist- 
ence of the commercial and laboratory 
emulsifiable concentrates of the five toxi- 
cants on the three wood surfaces when ex- 
posed to certain outside environmental 
conditions. 

The final results of the experiment ex- 
pressed as 24-hour mean_ percentage 
mortalities of the adult house flies along 
with the 95 per cent fiducial limits on per- 
centage mortalities in six replicates, are 
presented as histograms in figures 2 and 3. 
In the case of the commercial emulsions, 
the initial mortalities of houseflies pro- 
duced by exposure to unpainted wood 
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Fic. 2.—Histograms showing the effect of weathering on the residual toxicities of the commercial emulsions 

of five organic insecticides to the adult housefly. (The 24-hour mean percentage mortalities of the house flies 

are indicated by the black dots within the white spaces which represent the 95 per cent fiducial limits on 
percentage mortalities in six replicates.) 
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panels, one-half day after treatment, were 
as follows: aldrin 93 per cent; chlordane 
90 per cent; dieldrin 90 per cent; lindane 
91 per cent; and parathion 72 per cent. 
On the tenth day the residues of aldrin, 
chlordane, lindane, and parathion reached 
about a 50 per cent degradation of their 
initial toxicities and gave only insignifi- 
cant kills on the forty-fifth day. Dieldrin 
residues however, produced a 51 per cent 
mortality on the forty-fifth day. The 
initial mortalities of houseflies when ex- 
posed to painted wood panels, were as 
follows: aldrin 96 per cent; chlordane 83 
per cent; dieldrin 87 per cent; lindane 82 
per cent; and parathion 55 per cent. The 
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same panels when tested on the forty-fifth 
day produced insignificant mortalities 
with all the insecticides except dieldrin, 
which produced a 44-per cent mortality. 
On whitewashed wood panels, the initial 
mortalities of houseflies were: aldrin 87 
per cent; chlordane 69 per cent; dieldrin 
88 per cent; lindane 83 per cent; and para- 
tion 68 per cent. Again, dieldrin alone 
produced a mortality of 46 per cent on the 
forty fifth day, and the other four in- 
secticides gave only insignificant kills. 
Of these four insecticides, chlordane, lin- 
dane and parathion showed a more rapid 
loss of their residual toxicities on white- 
washed wood panels than they did on the 
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Fig. $.—Histograms showing the effect of weathering on the residual toxicities of the laboratory emulsions 

of five organic insecticides to the adult housefly. (The 24-hour mean percentage mortalities of the houseflies 

are indicated by the black dots within the white spaces which represent the 95 per cent fiducial limits on 
percentage mortalities in six replicates.) 
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unpainted and painted wood panels. the five insecticides was, from the greatest 

In the case of the laboratory emulsions, to the least, dieldrin, aldrin, parathion, 
the five insecticides exhibited a rather low chlordane, and lindane. The highest 
order of initial toxicity on the three types residual toxicity was maintained on the 
of wood surfaces. The subsequent loss in unpainted wood panels. On the white- 
toxicity of the residues from the Jaborat- washed wood panels, aldrin and dieldrin 
ory emulsions of the five insecticides was, exhibited about the same order of residual 


however, gradual as compared with the — toxicity as on the unpainted wood panels; 
relatively rapid loss from the commercial but chlordane, lindane and parathion on 
emulsions. Dieldrin, however, showed an these panels showed a more rapid loss of 


increase over the initial toxicity up to 23 toxicity than on the unpainted and 

days on all three surfaces. A slight in- painted wood panels. The painted wood 

crease over the initial toxicity was noticed panels were between the other two types 

also in the case of parathion and lindane — of surfaces in duration of residual effec- 

on unpainted and painted wood panels on — tiveness; except for panels treated with 

the fourth day. dieldrin, which showed a lower toxicity 
In general, the order of persistence of — than the other types of surfaces. 
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Fic. 4. Histograms showing the effect of temperature and humidity on the residual toxicities of the commer- 
cial emulsions of five organic insecticides to the adult house fly. 
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Fic. 5. Histograms showing the effect of temperature and humidity on the residual toxicities of the laboratory 
emulsions of five organic insecticides to the adult house fly. 








Fic. 6.—Aldrin in process of crystallizing from Fie. 7.—Dieldrin in process of crystallizing from 

commercial emulsion applied on glass. X30. The commercial emulsion applied on glass. X30. The 

individual crystals are large and visible to the minute crystals are not distinct individually but 
unaided eye. appear only as dense masses. 
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The initial mortality of houseflies ex- 
posed to the three types of wood panels 
treated with the solvents and emulsifying 
agent, in the absence of toxicants, ranged 
from three to six per cent. 

Experiment 3.—The effect of tempera- 
ture and humidity on the residual toxicities 
of the five organic insecticides. In this ex- 
periment the main objective was to study 
the combined effect of temperature and 
humidity, with the exclusion of all other 
factors of environment, on the residual 
effectiveness of the five insecticides. The 
results of the preliminary tests, which 
were designed to determine a relationship 
between mortality and knockdown time, 
indicated that with both one minute ex- 
posure and continuous exposure of flies 
to the treated glass surfaces, one-half day 
after treatment, the speed of knockdown 
for the five insecticides was in the follow- 
ing descending order: parathion, lindane, 
aldrin, dieldrin, and chlordane. On ex- 
posure to the same surfaces two days after 
treatment the speed of knockdown was, 
from the fastest to the slowest: parathion, 
lindane, dieldrin, aldrin, and chlordane. 
As regards mortality, even a 1-minute ex- 
posure of flies to the treated glass surfaces 
gave a 100 per cent kill in the case of all 
five insecticides, when tested one-half day 
after treatment. However, when tested 2 
days after treatment, during which time 
the panels were held inside at room tem- 
perature, a 1-minute exposure of flies to 
the same surfaces gave a reduced kill. 
With a continuous exposure, 100 per cent 
mortality was obtained with all the in- 
secticides, even on the second day. 

The final results of the experiment, 
expressed as 24-hour mean percentage 
mortalities of the houseflies in the five 
replicates, are presented as histograms 
in figures 4 and 5. It is evident from the 
results that a combination of high temper- 
ture and low relative humidity caused a 
more rapid loss of residual toxicity of all 
five insecticides than the low temperature 
and high humidity combination. This loss 
in toxicity was greater with lindane, chlor- 
dane and aldrin than with the dieldrin and 
parathion. 

When the treated glass panels were held 
ata temperature of 108° + 2° F. and a rela- 
tive humidity of 836+5 per cent the resi- 
dues of the commercial emulsions of 


aldrin, chlordane, and lindane lost most 
of their toxicity by the fourth day. The 
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commercial emulsions of dieldrin and 
parathion, however, produced high mor- 
talities on the fourth day, but had lost 
most of their toxicity on the sixteenth day. 
The residual effectiveness of the labor- 
atory emulsions of all five insecticides was 
a little greater and the insecticides can be 
arranged in the following decreasing order 
of residual persistency: dieldrin, para- 
thion, chlordane, aldrin, and lindane. 

The general trend in the loss of toxicity 
o residues from the five insecticides, when 
subjected to a temperature of 82°+2° F. 
and 58+5 per cent relative humidity, also 
appears to be the same. While the com- 
mercial emulsions of aldrin, chlordane, 
and lindane gave virtually no kill at this 
temperature and humidity on the six- 
teenth day, dieldrin produced a_ high 
mortality of 56 per cent on the fifty-sec- 
ond day. Parathion also produced a high 
mortality of 92 per cent on the twenty- 
eighth day but gave only a 5 per cent 
mortality on the fifty-second day. The 
laboratory emulsions again seemed to ex- 
tend the length of residual effectiveness of 
these five toxicants, especially in the case 
of aldrin, chlordane, lindane, and _ para- 
thion. 

At a temperature of 52°+2° F. and 
76+5 per cent relative humidity, the 
residues from all five toxicants had a 
definitely longer life than at the higher 
temperature and lower humidity com- 
binations. Dieldrin and parathion proved 
unusually lasting at this temperature and 
humidity since a 100 per cent kill was ob- 
tained with both on the sixty-fifth day, at 
which time the testing was terminated 
because of the limitation of time. The 
residual effectiveness of the other three 
toxicants appeared to be very similar, 
and these insecticides can be arranged in 
the following decreasing order of residual 
persistency: lindane, aldrin, and chlor- 
dane in the case of the commercial emul- 
sions; and chlordane, lindane and aldrin 
in the case of the laboratory emulsions. 
These three toxicants continued to pro- 
duce a high mortality up to the sixteenth 
day but a decline in their toxicities be- 
ame evident on the twenty-eighth day. 
Except in the case of chlordane, there 
was not much difference between the per- 
formance of the commercial and the lab- 
oratory emulsions of the five insecticides 
at this temperature and humidity combi- 
nation. 














December 1950 Trotta & Daum: OrGANIC INSECTICIDES AND House Fiy 


It was noticed also that the initial toxi- 
city resulting from the use of the solvents 
and emulsifying agent on the glass surface, 
in the absence of toxicants, gave fairly 
high (18 to 24 per cent) mortalities of the 
houseflies. 

The glass panels afforded a good sur- 
face for the study of the nature of crystals 
formed from the deposits of aldrin, diel- 
drin, and lindane, Photomicrographs were 
taken of the glass panels 12 hours after 
treatment with the commercial emulsions 
of these three insecticides. These pictures 
are shown in figures 6, 7, and 8. Chlordane 
and parathion are liquids and did not 
crystallize on the glass panels. The lab- 
oratory emulsions of these five toxicants 
applied to glass panels produced an oily 
deposit and did not crystallize. 





Fic. 8.—Lindane in process of crystallizing from 
commercial emulsion applied on glass. X30. The 
minute crystals appear only as scattered masses. 


Discussion.—The residual effective- 
ness of insecticides is dependent upon at 
least four complex factors: the insecticide 
itself, the surface to which applied, the 
formulation used, and the prevailing en- 
vironmental conditions. An_ insecticide 
usually can be described rather easily in 
terms of its chemical and physical proper- 
ties, but from a practical standpoint its 
effectiveness often has been better de- 
fined through a study of all or combina- 
tions of the other three factors. In this 
study, the toxicities of five organic insecti- 
cides have been studied in terms of their 
application as water emulsions to glass 
and various wood surfaces followed by the 
exposure of their residue-containing sur- 
faces to certain environmental conditions. 
Therefore the results are related more 
particularly to applications of these in 
secticides to buildings where similar sur- 
faces will be encountered. No attempt has 
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been made to assess either the hazards 
of applying or the chronic toxicity asso- 
ciated with continued use of any of these 
materials. 

Effect of type of surface: It is indicated 
from the results of this study that chlor- 
dane, lindane, and parathion were rela- 
tively better in their residual effectiveness 
on unpainted wood than on painted and 
whitewashed wood. The degradation of 
these three insecticides was most evident 
on whitewashed wood. In all probability 
the alkalinity of this surface caused an 
early decomposition of these compounds. 
With aldrin and dieldrin there was no ap- 
preciable difference in their residual toxi- 
city on unpainted and whitewashed wood, 
which shows that these two compounds 
do not undergo any greater decomposition 
in the presence of alkaline materials than 
in their absence. Painted wood gave gen- 
erally poorer results than the unpainted 
wood, with all five insecticides. It seems 
very likely that these compounds are 
absorbed by the paint and thus retained. 
Bruce (1949) also reported that the initial 
and residual toxicity of certain chlorin- 
ated hydrocarbon insecticides was less on 
painted wood, concrete, and whitewashed 
wood than on unpainted wood and non- 
porous surfaces, such as glass and galvan- 
ized iron. 

Observations on the initial surface toxi- 
city have shown that all five compounds 
needed a much longer exposure time when 
applied to absorptive wood surfaces than 
when applied to glass, in order to produce 
a 100 per cent mortality of flies. Simple 
absorption and penetration of the com- 
pounds into the wood soon after applica- 
tion probably accounts for this lowered 
initial toxicity on wood surfaces. 

Relation of solvents to residual toxicity: 
In this study a definite solvent relation 
has been noticed with the initial and 
residual toxicity of the five insecticides 
applied to,wood surfaces. The laboratory 
emulsions of the five insecticides, made 
with a commercial solvent! exhibited a 
lower initial toxicity on the wood surfaces 
than did the commercial emulsions, sev- 
eral of which contained xylene. It is pos- 
sible that due to slow volatilization of this 
solvent, these insecticides were held as 
supersaturated solutions on or in the wood 
and did not become fully available to 
flies, hence resulting in lowered initial 
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toxicity. Over a period of 45 days the loss 
in toxicity of the five insecticides, applied 
as laboratory emulsions, was more grad- 
ual than when applied as commercial 
emulsions; and even an increase over the 
initial toxicity was observed in the case 
of dieldrin laboratory emulsion up to the 
twenty-third day. Parkin & Green (1945) 
reported increased toxicity of the origin- 
ally less toxic DDT residual films, after 
exposure to flies, and attributed this to in- 
creased crystallization induced by the 
mechanical agitation caused by the move- 
ment of flies. It is possible that a similar 
phenomenon brought about the increase 
in toxicity of dieldrin residual films, ob- 
served in the present study. 

Effect of weathering on residual toxicity: 
Of the five insecticides applied to wood 
surfaces at the rate of 50 milligrams 
toxicant per square foot and exposed to 
the outside environmental conditions, 
dieldrin alone maintained 50 per cent of 
its initial toxicity to the forty-fifth day, 
while aldrin, chlordane, lindane, and para- 
thion had reached about the same de- 
gradation level by the tenth day. These 
results emphasize that, under the condi- 
tions of the experiment, dieldrin is the 
most persistent of the five insecticides 
tested and would be a promising material 
for residual treatments of buildings where 
similar conditions exist. These findings 
also substantiate in a large measure the 
results reported by earlier workers (Gahan 
et al. 1948; Bruce 1949; Kearns et al. 
1949). Since the present experiments were 
conducted during the cooler months of 
the year, the effect of high temperature 
obviously has been excluded. It seems, 
therefore, that, under the conditions of 
the experiment, sunlight, precipitation, 
and wind were the significant climatic 
factors in the degradation of the residual 
toxicity of the insecticides tested. Bruce 
(1949) in his studies attributed the great- 
est loss of chlordane to volatilization or 
absorption and that of lindane to its vola- 
tility, though other factors including rain, 
sunshine and dust also contributed to- 
wards the loss. 

Effect of temperature and humidity on 
residual toxicity: Studies on the combined 
effect of temperature and humidity on the 
residual effectiveness of the five insecti- 
cides applied on glass plates have shown 
that high temperature and low humidity 
together have a more deleterious effect 
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on the residual toxicity than low temper- 
ature and high humidity. This loss in 
toxicity was more rapid with aldrin, 
chlordane, and lindane than with dieldrin 
and parathion. The work of Gaines & 
Dean (1949), with the boll weevil, An- 
thonomus grandis Boh., has shown also 
that the toxicity of a 3-per cent lindane— 
5-per cent DDT mixture was reduced by 
high temperature, and that of 10 percent 
chlordane was greatly reduced. Similar 
results are reported by Cotton et al. 
(1948) with chlordane and lindane de- 
posits on glass plates which retained their 
effectiveness longer against the confused 
flour beetle, Tribolium confusum Duv., 
when stored at low temperatures. In the 
present study, the laboratory emulsions 
of the five insecticides showed in general a 
slightly increased length of residual ef- 
fectiveness as compared with the com- 
mercial emulsions, when exposed to the 
various combinations of temperature and 
humidity. It is probable that the low 
volatility of the solvent! helped increase 
the length of residual toxicity of the five 
insecticides under these conditions. 

SumMary.—Comparative evaluations 
of the residual effectiveness of five of the 
more recently developed organic insecti- 
cides, aldrin, chlordane, dieldrin, lindane, 
and parathion, were made by means of 
laboratory tests using the house fly. The 
following results were obtained: 

Experiment 1.—The average median 
lethal dosages (LD5.) for aldrin, chlor- 
dane, dieldrin, lindane, and parathion ex- 
pressed as micrograms of toxicant residue 
were determined in these tests to be 2.20, 
9.66, 1.35, 3.61, and 4.04, respectively; 
and the average slopes of regression of 
probit mortality on dosage for the same 
five insecticides were 0.624, 0.137, 1.415, 
0.533, and 0.476, respectively, indicating 
that the average increase in probit mor- 
tality of house flies per unit increase in 
concentration of toxicant was greater for 
dieldrin than for aldrin, chlordane, lindane 
and parathion. 

Experiment 2.—Commercial and lab- 
oratory emulsions of the five insecticides 
were compared on the basis of 50 milli- 
grams of toxicant per square foot. The 
insecticide emulsions were applied on un- 
painted, painted, and whitewashed ply- 
wood panels and exposed to all outside 
elements of weather. 

The speed of toxic action of formula- 
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tions of the five insecticides applied to 
plywood panels indicated that lindane was 
initially the most rapidly toxic material, 
aldrin and dieldrin were about equal, fol- 
lowed closely by parathion, and chlordane 
was the least toxic. 

Under outside environmental condi- 
tions, the dieldrin formulations tested 
were the most persistent. When applied 
to the three types of wood panels and 
exposed to all outside elements of weather, 
dieldrin maintained about 50 per cent of 
its initial toxicity on the forty-fifth day. 
The formulations of aldrin, chlordane, 
lindane, and parathion degraded to 50 per 
cent of their initial toxicities by the tenth 
day. In general, the order of persistence of 
the five insecticides on wood panels, over 
a 45-day period, was, from the most to 
the least, dieldrin, aldrin, parathion, 
chlordane, and lindane. 

All five insecticides exhibited their high- 
est residual toxicities on unpainted wood. 
On whitewashed wood, aldrin and diel- 
drin maintained about the same order of 
residual toxicity as on unpainted wood, 
but chlordane, lindane and_ parathion 
degraded more rapidly than on unpainted 
and painted wood. Except when dieldrin 
was applied, painted wood, in general, 
was intermediate in the maintenance of 
residual toxicity. 

The laboratory emulsions of the five 
insecticides applied to the three types of 
wood panels and exposed to all outside 
elements of weather, exhibited a rather 
low order of initial toxicity. The subse- 
quent loss of residual toxicity was more 
gradual than with the commercial emul- 
sions, and, in the case of dieldrin, the 
toxicity even increased with increasing 
age, up to 23 days. 

Experiment 3.—Commercial and_lab- 
oratory emulsions of the five insecticides 
were compared on the basis of 50 milli- 
grams of the toxicant per square foot. The 
insecticide emulsions were applied to glass 
panels and exposed to certain combina- 
tions of temperature and humidity. 

The speed of toxic action of formula- 
tions of the five insecticides applied to 
glass panels indicated that all five com- 
pounds were highly toxic initially, since 
even a l-minute exposure of flies to 
treated glass panels produced 100 per 
cent mortality in 24 hours. Twelve hours 
after treatment, parathion gave the most 
rapid knockdown, followed by lindane, 
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aldrin, dieldrin, and chlordane. Two days 
after treatment, the rate of knockdown 
was, from the fastest to the slowest: para- 
thion, lindane, dieldrin, aldrin, and chlor- 
dane. 

High temperature and low relative 
humidity together had a more deleterious 
effect on the duration of effectiveness of 
the residual spray deposits than did low 
temperature and high relative humidity. 
When held at a temperature of 108° + 2° 
F. and 36+5 per cent relative humidity, 
the commercial emulsions of aldrin, chlor- 
dane, and lindane, applied to glass panels, 
produced insignificant mortalities even on 
the fourth day. Dieldrin and parathion 
commercial emulsions reached about the 
same degradation level by the sixteenth 
day. With the laboratory emulsions, the 
residual toxicity of the five insecticides 
was slightly extended and could be ar- 
ranged in the following decreasing order: 
dieldrin, parathion, chlordane, aldrin, and 
lindane. 

At a temperature of 82°+2° F. and 
58+5 per cent relative humidity, the 
commercial emulsions of aldrin, chlor- 
dane, and lindane maintained high toxi- 
cities on the fourth day but gave virtually 
no kill on the sixteenth day. The para- 
thion commercial emulsion produced 92 
per cent mortality on the twenty-eighth 
day but had lost all its toxicity by the 
fifty-second day, while the dieldrin com- 
mercial emulsion produced 46 per cent 
mortality even on the fifty-second day. 
The laboratory emulsions slightly ex- 
tended the duration of effectiveness of 
the five insecticides, specially aldrin, 
chlordane, lindane, and parathion. 

At a temperature of 52°+2° F. and 
76 +5 per cent relative humidity, the com- 
mercial and laboratory emulsions of 
dieldrin and parathion were unusually 
lasting the produced 100 per cent mortal- 
ity on the sixty-fifth day, when further 
testing was discontinued. Aldrin, chlor- 
dane, and lindane produced high mortali- 
ties up to the sixteenth day but showed 
an evident decline in their toxicities on 
the twenty-eighth day, and could be 
arranged in the following decreasing order 
of persistence: lindane, aldrin, and chlor- 
dane in the case of commercial emulsions; 
and chlordane, lindane, and aldrin in the 
case of laboratory emulsions. 

The initial toxicity resulting from the 
use of the commercial solvent! or xylene, 
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and emulsifying agent tested? in the ab- low—3 to 6 per cent on wood panels. 
sence of toxicants, was fairly high, 19 to 24 pncareetien 

, : 1 Velsicol AR-60. 
per cent, on glass panels, but remained : Triton X-100. 
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U.S.D.A. Forest Insect SURVEY 


Dr. Harvey J. MacAloney, on September 27, 1950 
assumed direction of the forest insect survey of the 
Bureau of Entomology and Plant Quarantine, a 
new activity provided for under the Forest Pest 
Control Act of 1947. Dr. MacAloney has had 25 
years experience on various forest insect research and 
survey problems and in his new position, from head- 
quarters at Beltsville, Md., he will cooperate closely 
with other federal and state agencies and private 
timberland owners. 











“es 





Applied Ecology in Melon Fly Control! 


T. Nisurpa and H. A. Bess, Hawaii Agricultural Experiment Station, University of Hawaii 


The melon fly, Dacus cucurbitae Co- 
quillett, became established in the Ha- 
waiian Islands about 1897. Prior to its 
entry cucurbit crops such as melons, 
cantaloupe, cucumbers and pumpkins 
were widely grown for local consumption 
and some of them were even exported to 
California. However, this fly completely 
changed the picture and made it imprac- 
tical to grow cantaloupes and seriously 
curtailed the production of melons, cu- 
cumbers and tomatoes. 

Because of the lack of satisfactory 
methods of control, specific studies on the 
field ecology of the melon fly were under- 
taken in 1948 to gain information that 
might lead to an effective control of this 
destructive pest. In the course of these 
studies it was soon found that the fly has 
characteristic habits and movements that 
can be taken advantage of in the applica- 
tion of insecticides. This paper, which pre- 
sents some of the pertinent information 
obtained from November, 1948, to Octo- 
ber, 1949, deals with (1) field observations 
on the habits and movements of the fly, 
(2) insecticidal control studies and (3) 
field sanitation studies. Further investiga- 
tions are needed and will be made, but the 
preliminary results are sufficiently en- 
couraging to justify their use in melon fly 
control programs. 

Meruops or Stupy.—Evidence of the 
movements of the flies as reported below 
is based on observations, population 
counts and the relative ages of the female 
flies within tomato and cucurbit fields 
and the vegetation adjacent to them. Each 
population count represents the number 
of adult flies counted during a 3-minute 
period. The determination of the relative 
age of the flies was based on the dissection 
of samples of 10 to 30 female flies captured 
at random with an insect net. In the early 
phases of these studies it was found that 
the ages of the female melon flies could be 
broadly classified according to the follow- 
ing categories: (1) Those with their ab- 
domens filled with fat bodies. Flies which 
have just emerged have large amounts of 
distinct fat bodies which disappear about 
the fourth day after emergence. (2) Flies 
which have no fat bodies and no eggs. 
These flies have undeveloped or partially 


developed ovaries and _ represent, in 
general, those which are in the pre-ovi- 
position stage. (3) Flies which have well- 
developed eggs in the ovaries. This in- 
formation aided in following the move- 
ments of flies of different ages. Measure- 
ments of the results of spray tests were 
based on population counts similar to those 
described above and also on the infestation 
of fruits in treated and untreated fields. 

FreLtp OBSERVATIONS ON HaBits AND 
MovemMEnt.—Excellent accounts of the 
life cycle of the melon fly have been re- 
ported by previous workers, particularly 
by Severin et al. (1914) and Back & 
Pemberton (1917). Briefly stated, the life 
cycle consists of (1) deposition of eggs in 
the host fruits, (2) incubation and hatch- 
ing of eggs, (3) larval feeding within host 
fruits, (4) emergence of larvae from fruits 
and pupation in the soil, (5) emergence of 
young adults. This study was concerned 
chiefly with the adult stage under field 
conditions. Previous studies have been 
made largely in the laboratory; conse- 
quently, there is little or no information 
in the literature on the habits of the adult 
fly from the time of emergence to the 
time of oviposition. 

Habits of females of various ages.—The 
first systematic study of the habits and 
movement of the fly was made in the fall 
of 1948 on the University of Hawaii 
Agricultural Experiment Station Farm at 
Poamoho, Oahu. Melon fly abundance 
and also age distribution of the flies in the 
tomato field and on mango trees, Mangi- 
fera indica L., along the border of the 
tomato field were determined at various 
times from November 17, 1948, to Janu- 
ary 5, 1949. On each date six 3-minute 
counts of flies were made in the tomato 
field and three 3-minute counts on the 
mango trees. From 10 to 50 female flies 
were collected each time, and each fly was 
examined to determine its relative age. 

It can be seen from table 1 that the 
total population of flies on the mango 
trees was consistently higher than that 
in the tomato field in spite of the fact that 
the flies were breeding in the tomato 
field and not outside the field. 


1 Published with the approval of the Director of the Hawaii 
Agricultural Experiment Station as Technical Paper No. 201. 
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Table 1.—Melon fly counts on tomato plants 
and mango trees adjacent to the tomato field at 
Poamoho Experimental Farm. 








AVERAGE No. or FLIES 
PER 3-MINUTE CouNT 


DATE Tomato Mango 
Nov. 19, 1948 5.3 84.0 
Dec. 2, 1948 8.6 20.3 
Dec. 10, 1948 20.1 84.3 
Dec. 22, 1948 cae 77.0 
Dec. 29, 1948 1.8 23.3 
Jan. 5, 1949 0 4.3 





The decline in fly population in late 
December may well have been due to the 
killing of the vines by use of a weed killer 
and the removal of all tomato fruits to 
prevent fly breeding. 

The data shown in table 2 indicate that 
on tomato plants a very high percentage 
of flies were gravid and that the percent- 
age of younger flies, v.e., those with fat 
bodies and those without eggs and fat 
bodies, was very low. However, on the 
mango trees the situation was the reverse. 
Here the percentage of gravid females was 
relatively low in comparison to those with- 
out fat bodies and those with fat bodies. 
The data presented show that the young 
melon fly, upon emergence from the pupae 
in the tomato field, moved out of the field 
onto the surrounding vegetation. It was 
observed that young flies did not move 
out of the field if there were other suitable 
plants in the tomato field. In the field 
where these observations were made there 
were a few rows of small macadamia nut 
trees, Macadamia ternifolia F.v.M., less 
than 2 feet tall. It was observed that the 
young flies congregated in large numbers 
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Table 3.—The age of flies on castor bean plants 
at different distances from a field in which the 
cucumber vines had been destroyed by discing; 
Waianae, Oahu. 


Acer DtstRipution oF FLIES 








Without 
F Lies Fat With 

Distance COLLECTED Bodies Fat 

FROM AND Gravid (inter- (Bodies 
FIELD DissectTep (oldest) mediate) (youngest) 

Feet Number Per Cent ‘Per Cent Per Cent 

Within field 23 0 13 87 

25 14 14 29 57 

50 18 28 28 44 

100 26 42 50 8 





under the leaves of these trees. None of 
these flies examined was gravid. 

Observations made at various other 
fields have shown that young flies do not 
remain in the tomato fields in which they 
develop and emerge unless there are cer- 
tain attractive plants in the field such as 
the macadamia nut already mentioned, 
castor bean, Ricinus communis L., cock- 
lebur, Xanthium saccharatum Wall, spiny 
amaranth Amaranthus spinosus L., pigeon 
pea, Cajanus cajan (L.) Millsp. and the 
Jimson weed, Datura stramonium L. If 
such suitable plants are growing near their 
breeding places, the young flies tend to 
remain on these plants in the immediate 
vicinity for a few days. This behavior is 
indicated by the information given in 
table 3 and has been confirmed by studies 
in a number of other fields. 

Thus far, the discussion has been con- 
cerned chiefly with the movement of the 
sexually immature forms. From the data 
shown in table 3 it appears that where the 
host plants were destroyed there was a 
tendency for the gravid flies to move out 
of the field, presumably in search of new 
hosts. Information indicating that it is 


Table 2.—Maturity of flies in a tomato field, and on mango trees adjacent to this field, Poamoho 


Experimental Farm. 








AGE DIsTRIBUTION OF FLIES 


on ToMATO 


AGE DIstRIBUTION OF FLIES 
on Manco TREES 


Without 





Without 

Fat Bodies | With Fat | | Fat Bodies With Fat 
(inter- | Bodies Gravid | (inter- Bodies 

| Gravid | mediate) | (youngest) | (oldest) mediate) | (youngest) 

| Per Cent Per Cent Per Cent Per Cent Per Cent Per Cent 
Dec. 17, 1948 | 90.0 10.0 0 | 40.0 30.0 30.0 
Dec. 2, 1948 | 80.0 20.0 0 | 26.7 40.0 33.3 
Dec. 10, 1948 80.0 20.0 0 10.0 40.0 50.0 
Dec. 14, 1948 85.0 15.0 0 a5 45.0 52.5 
Dec. 22, 1948 95.0 5.0 0 10.0 25.0 65.0 
Dec. 29, 1948 90.0 0 10.0 | 8.0 68.0 24.0 
Jan. 5, 1949 — — oe | 6.7 86.7 6.7 
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only the gravid females that move into 
tomato or cucurbit fields was obtained by 
collecting and examining: flies as_ they 
moved into fields of young tomato and 
melon fields in which fly breeding had not 
progressed to such an extent that there 
was an emergence of young adults. One of 
the areas studied was a 3-acre field on the 
Hawaii Agricultural Experiment Station 
Farm, which is well isolated (about 2 
miles) from the nearest truck farming 
area. During the period of study, Feb- 
ruary 14 to May 20, 1949, an attempt was 
made to collect and examine every fly in 
the field at the time of examination. Each 
row of tomato plants in the field was care- 
fully examined 13 times during the period, 
and every fly seen was captured and exam- 
ined to determine the sex and age of the 
females. A total of 66 female flies, or an 
average of about five females per exam- 
ination, was found in the field; 92 per cent 
of the flies was gravid. Only two males 
were collected and both of these were very 
young (contained fat globules). 
Additional studies were made in a 
number of young plantings of water- 
melons, cucumbers and tomatoes in 
Makaha Valley near Waianae, Oahu, 
between February 17 and April 22, 1949. 
Of a total of 70 flies captured on eight dif- 
ferent dates in the tomato fields, 91 per 
cent was gravid. All of the 20 collected on 
the melons and 18 taken on the cucumbers 
were gravid. In all cases where spot col- 
lections of flies were made in young fields 
where there was no breeding, gravid fe- 
males composed by far the greater part of 
the total, which indicates that it is the 
gravid forms which migrate into the field. 
Since it is the females which cause dam- 
age to crops, not much attention was 
given to the males. However, it was noted 
that the male flies, along with the imma- 
ture females, were commonly found on 
vegetation in the vicinity of the breeding 
areas. Males were rarely encountered in 
young fields where there was no'breeding. 
Diurnal behavior in regard to movement 
and oviposition. Studies of fly abundance 
at different hours of the day were made in 
a number of tomato fields in which there 
were no flies breeding but in which fruits 
were available for oviposition. Similar 
studies were made in the vegetation ad- 
jacent to these fields. The flies taken in the 
fields were gravid females for the most 
part, while those taken in the bordering 


vegetation were predominantly males and 
sexually immature females. A representa- 
tive example of the information obtained 
is given in figure 1. 

It was fund that the population in the 
field is very low early in the morning and 
late in the evening but that the popula- 
tion remains high at these hours in the 
surrounding vegetation. There is appar- 
ently a movement of gravid flies into the 
fields in the morning and out of them in 
the evening. Furthermore, the fly popula- 
tion is usually lower in the fields during 
mid-day than at mid-morning or mid-af- 
ternoon. 

Observations were also made to deter- 
mine the distribution of oviposition activ- 
ity throughout the day. Figure 2 is graph- 
ically representative of what commonly 
occurs. There were two peaks of activity, 
one at mid-morning and another at mid- 
afternoon. However, the activity at mid- 
afternoon was greater than that at mid- 
morning. Although no studies were made, 
it appears from casual observations that 
weather factors do influence fly activity. 
For example, it was noted that on a cloudy 
day following a 3-day rainy period, fe- 
males in large numbers were oviposiling 
even at mid-day. 

INSECTICIDAL CONTROL = STUDIES.— 
Since the discovery of the melon fly in 
Hawaii various methods of control have 
been attempted. These methods may be 
grouped as (1) mechanical protection of 
fruits by covering each fruit with pieces of 
burlap sacks, newspaper or metal screens 
(Severin et al. 1914; Back & Pemberton 
1917), (2) use of poison baits (Marsh 
1910; Severin et al. 1914; Back & Pember- 
ton 1917; McPhail 1943), (3) use of glass 
traps to capture and destroy adult flies 
(Severin et al. 1914; Back & Pemberton 
1917), and (4) use of residual DDT spray 
(Holdaway et al. 1947). 

In general, with the exception of me- 
chanical protection of fruits and the use of 
DDT residual sprays, there is general 
agreement among the authorities cited 
that the methods attempted were not 
effective. Of course, the method of me- 
chanical protection is a laborious and an 
expensive procedure; yet, this method is 
commonly used even today in Hawaii in 
the production of watermelons. As for 
DDT residual treatments, Holdaway et al. 
(1945) demonstrated in the laboratory 
that DDT was very toxic to the melon fly 
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when the fly walked over a treated surface. 
Successful control of the melon fly by the 
use of DDT applied as a residual spray 
on tomatoes and on corn barriers grown 
around a cucumber field was reported by 
Holdaway et al. (1947). Although successful 
control was obtained under experimental 
conditions it was reported that under 
certain field conditions even a 10 per cent 
DDT dust applied on a corn barrier did 
not protect a crop of cucumbers. More 
recently it has been the experience of 
farmers as well as of the writers that the 
highly publicized residual property of 
DDT which made it so effective on many 
insects cannot be relied upon to give ade- 
quate control of the melon fly under field 
conditions. This seeems to be true in 
spite of the highly toxic property of DDT 
used as a residual spray in melon fly tests 
under laboratory conditions. 

With some information regarding the 
behavior and movement of flies available, 
preliminary tests using a mist blower! 
which delivered a fine DDT mist in a 
blast of air were made with DDT sprays 
applied directly onto the flies. The DDT 
spray most frequently used was an oil 
emulsion containing 10 to 12 per cent 
DDT. In these tests the vegetation imme- 
diately outside the melon and tomato 
fields was treated rather than the crops 
themselves. The spraying was done early 
in the morning before or soon after sun- 
rise, or late in the evening when gravid 
females as well as males and immature 
females were congregated on the vegeta- 
tion adjacent to the fields. 

The preliminary tests showed that the 
flies hit by the spray were killed and that 
it was possible to eliminate practically all 
flies within 50 to 100 feet of the mist 
blower (Table 4). 

In mid-February, tests of the effective- 
ness of the mist blower for melon fly con- 
trol by repeated spraying of border vege- 
tation were started. In this experiment the 
vegetation surrounding a 3-acre field of 
young tomatoes was treated. At that time 
the largest fruits were about 2 inches in 
diameter and practically all fruits over 1 
inch in diameter were being stung by the 
fly although the crop was being dusted 
with DDT. All tomatoes, melons and cu- 
cumbers in the 5,000-acre valley where the 
test field was located were so severely in- 
fested that a relatively small amount of 
produce was being marketed. This con- 
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Table 4.—Number of melon flies on individual 
pigeon pea plants before and after applying DDT 
with a mist blower. 














30 MIN. 24 Hrs. 
PLANT BEFORE AFTER AFTER 
No. TREATMENT TREATMENT TREATMENT 

1 10 0 0 
2 8 0 0 
3 18 0 0 
"4 22 0 0 
5 29 0 0 
6 40 0 0 
7 25 0 gl 
8 15 0 4} 
9 40 0 1! 
10 35 0 3! 





1 Plants near fruit dump. 


dition existed even though farmers were 
dusting their crops two to three times a 
week. The 3-acre field selected for treat- 
ment was being dusted two or three times 
a week with a 3 per cent DDT dust. How- 
ever, the grower discontinued dusting 3 
days before the first mist blower treat- 
ment was made. 

To apply the spray, the 1.5-ton truck 
on which the mist blower was mounted 
was driven along each side of the field with 
the air-spray blast directed outward 
from the field into the surrounding vege- 
tation. In this manner a strip of border 
vegetation approximately 100 feet in 
width was treated. No spray was applied 
to the tomato plants. 

Four treatments were made approxi- 
mately 1 week apart—February 25, 
March 3, March 10 and March 19. On 
March 21, March 28, and April 6 10 
samples of 25 fruits each were taken from 
the field at random to determine the degree 
of infestation. At the same time, samples 
of fruits were taken from three check 
fields of similar age less than 1 mile away. 
The average percentage infestation of the 
samples from these three fields on the 
respective dates was 68, 63 and 63 per 
cent, while tomatoes from the test field 
were only 2, 2 and 4 per cent infested. 
These results are especially encouraging 
since they were obtained in a field com- 
pletely surrounded by fields in which 
there were considerable infestation and 
damage by the fly. 

Fretp SANITATION Strupies.—There 
is no doubt that among the biggest fac- 

1 Lawrence mist blower, which delivered a fine mist at the rate 


of 48 gallons per hour; manufactured by the Lawrence Aero-Mist 
Spray Co., Greenfield, Massachusetts. 
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tors in the melon fly population increase 
are the cultivation of crops suitable to the 
fly and the practice of allowing infested 
fruits as well as all unmarketable produce 
to decompose in the fields. Under such 
conditions, the fly population may build 
up enormously within a relatively short 
time. It seemed, therefore, that to have a 
really effective control there should be, 
in addition to an effective insecticidal pro- 
gram, good field sanitation practices to 
prevent this excessive increase of flies. 

An opportunity arose in the spring of 
1949 to study the benefits obtained from 
a sanitation program on the Agricultural 
Experiment Station Farm. As. stated 
above, this farm is well isolated, with the 
nearest truck crop areas at least 2 miles 
away. Tomatoes and cucurbits had been 
grown more or less continuously on the 
farm for many months and melon fly was 
a serious problem. Early in April the 
young 3-acre tomato field used for these 
studies was being invaded by melon flies 
from a nearby area of volunteer tomatoes 
in which appreciable numbers of flies were 
breeding. Prompt action was taken to 
spray the surrounding vegetation and 
eliminate the volunteer tomatoes. 
Throughout the period of study an at- 
tempt was made to pick and dispose of all 
fruits in which flies might develop. In- 
fested fruits were destroyed by placing 
them in 50-gallon drums and applying a 
thin layer of DDT over the infested 
fruits. The disposal of infested tomatoes 
is not too difficult since the larvae do not 
develop in fruits younger than the mature 
green stage. 

Every row in the above tomato field 
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Table 5.—Flies seen and collected by examin- 
ing each plant in a 3-acre tomato field at Poamoho 
where an attempt was made to dispose of all fruits 
in which flies could develop. 











No. No. Non- 
GRAVID GRAVID No. 
DaTE FEMALES FEMALES MALES 
2-14 1 0 0 
2-21 1 0 0 
2-28 1 0 0 
3-4 5 0 0 
3-11 0 Q 0 
3-18 3 0 0 
3-20 6 0 0 
3-21 3 0 0 
3-25 7 0 0 
3-29 3 0 0 





was cruised approximately once a week 
from February 15 to March 29, when 
harvesting was completed. All melon flies 
seen during the study were collected in 
an insect net. From the counts taken it 
can be seen in table 5 that the fly popula- 
tion remained low throughout the period. 
Samples of fruit were also collected at 
random on seven different dates during 
the period of study. The average infesta- 
tion for these samples was 3.6 per cent, 
and the maximum for any date was 10 
per cent. 

At least 10 additional acres of tomatoes 
in three plantings were grown on the farm 
during the spring and summer. Here again 
thorough sanitation practices were fol- 
lowed, and good crops were harvested 
without spraying to control the melon fly. 
The infestation never exceeded 10 per 
cent in any of the plantings during the 
regular harvest. However, in September, 
after about three-fourths of the crop had 
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been harvested, labor was not available 
to pick all of the unmarketable fruits. 
Subsequently, the fly population in- 
creased to the point that fruit samples 
taken at random were about 75 per cent 
infested just before the old plants were 
plowed under. 

Discussion AND ConcLusions.—The 
study of the habits and movements of 
adults of the melon fly in and adjacent to 
crop areas was undertaken because in- 
secticides found effective against the fly 
as a residual treatment in the laboratory 
had failed to give control in the field. 
It was hoped that from information ob- 
tained advances could be made in the con- 
trol of this pest. Studies and experience 
revealed that the residual toxicity of DDT 
sprays and dusts could not be relied on to 
prevent oviposition and subsequent dam- 
age to fruits. These findings suggested that 
to be effective the insecticides would 
probably have to be applied directly to 
the flies. The question then arose as to 
how much the flies moved around and 
where and when the bulk of the popula- 
tion could be contacted by sprays or 
dusts. Studies to answer this question 
revealed that the greater part of the fly 
population was never in the field at one 
time and that the population was es- 
pecially low in the early forenoon and 
late afternoon hours when sprays and 
dusts are often applied. 

Findings to date suggest that insectici- 
dal applications in the past have failed 
to give adequate control because the bulk 
of the fly population was never in the crop 
areas at the time of treatment. Since the 
greater part of the adult fly population 
occurs outside of, but usually immediately 
adjacent to, the crop areas, larger num- 
bers of flies may be killed there than in 
the fields proper. This frequently results 
in the treatment of a smaller acreage 
than is in the plantings. In addition, the 
problems of toxic residues and phytotoxic- 
city to the food crops are practically 
eliminated. 

One of the more encouraging findings 
from these studies has been the high de- 
gree of fruit protection obtained from fruit 
sanitation practices alone. Since the aver- 
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age infestation of tomatoes was less than 
5 per cent on the University Farm, where 
both tomatoes and cucurbits were grown 
continuously over a period of several 
months without any insecticidal applica- 
tions against the fly, it would appear that 
in well-isolated areas adequate melon fly 
control may even be obtained without 
spraying or dusting. Certainly there is a 
good possibility that control of the fly 
can be successfully attained by the em- 
ployment of strict field sanitation prac- 
tices and by timely effective spraying or 
dusting of areas in which the flies are 
concentrated. 

SumMary.—-l. The habits and move- 
ments of the adults of the melon fly have 
been studied on Oahu and Maui, and pre- 
liminary control tests have been made 
with DDT sprays applied with a mist 
blower. 

2. Male and immature female flies 
seldom enter tomato and melon fields, 
but they move out of the field after emer- 
gence and congregate on certain plants 
such as castor bean, cocklebur, Jimson 
weed and pigeon pea not far from where 
they emerged. 

3. Gravid females usually represent 90 
per cent or more of the adult melon fly 
population within tomato fields. Appar- 
ently, they enter the fields to oviposit 
rather than to feed. Practically all of them 
leave the tomato and melon fields before 
dusk and spend the night on nearby vege- 
tation where there may also be relatively 
large numbers of male and immature fe- 
male flies. Therefore, the crop areas are 
practically free of flies during the night 
and early morning hours. Flies occur in 
greatest numbers within the crop areas 
in late afternoon, and the peak in ovipo- 
sition activity is reached at that time. 

4. Thorough mist blower spraying of 
vegetation adjacent to crop areas between 
sunset and 7:00 to 8:00 a.m. practically 
eliminated the fly population within 50 
to 100 feet of the machine. Where four 
such spray applications were made at 
weekly intervals, the average infestation 
of tomato fruits in the treated area was 
only 3 per cent as compared to 65 per 
cent in the untreated checks. 
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Tests of New Insecticides for Control of ‘Tomato 
Insects in Southern California 


J. Wirucox and A. F. Howxuanp, U.S.D.A., 


Agr. Res. Adm., Bureau of Ento- 


mology and Plant Quarantine 


From 1945 to 1949 experiments with 
some of the new insecticides were con- 
ducted in southern California for the pur- 
pose of developing a formulation that 
would control the major pests of tomatoes. 
These pests include the tomato fruitworm, 
Heliothis armigera (Hbn.), the beet army- 
worm, Laphygma exigua (Hbn.), horn- 
worms, Protoparce spp., various species of 
cutworms, the serpentine leaf miner, 
Liriomyza pusilla (Meig.), and the to- 
mato russet mite, Vasates destructor 
(Keif.) Because of an outbreak of the 
serpentine leaf miner, this pest was given 
major consideration in the selection of the 
insecticides tested in 1948 and 1949. 
Tests against the serpentine leaf miner 
were of such a preliminary nature, par- 
ticularly with respect to sampling tech- 
niques, that the results are not given here 
in detail. Of the other pests, the tomato 
fruitworm was the most important dur- 
ing the period of the tests; therefore this 
report deals chiefly with results against 
this: insect. 

Wilcox & Howland (1946) showed that 
DDT was more effective than cryolite for 
controlling the principal species of cater- 
pillars damaging tomatoes in southern 
California, but that it was not effective 
against the tomato russet mite. They did, 
however, obtain good mite control when 
25 per cent of sulfur was incorporated in 
the DDT dust mixture applied for tomato 
fruitworm control. Michelbacher et al. 
(1948) reported that DDT and TDE 
were equally effective against the tomato 
fruitworm in northern California but that 
TDE was the more effective against horn- 
worms. 

Meruops.——Rotary hand dusters were 
used in most of the experiments on plots 


6 rows wide and 50 feet long, arranged in 
randomized blocks. As a rule, three ap- 
plications of insecticide were made, the 
first when the fruit of the main crop was 
setting and the second and third at inter- 
vals of two weeks. The dusts were applied 
at the rate of 30 pounds per acre-applica- 
tion. In some experiments six applica- 
tions were made at weekly intervals and in 
other tests extra applications were made 
previous to or following the regular fruit- 
worm schedule. 

In two of these small-plot experiments 
several dust mixtures were compared with 
concentrated spray emulsions. The sprays 
were applied with a lightweight knapsack 
sprayer that produced a fine dispersion of 
the emulsion under very high pressure. 
About 4 gallons per acre was applied in 
one experiment and about 2 gallons in the 
other. 

Other randomized block experiments 
were conducted with power dusters on 
large plots from 0.5 to 1 acre in size. The 
power equipment was borrowed from the 
growers in whose fields the tests were con- 
ducted. 

1945 Expertments.—Results of most 
of the tests made in 1945 have been pub- 
lished (Wileox & Howland 1946). In ad- 
dition, tests were made with a dust con- 
taining 50 per cent of ryania, 25 per cent 
of sulfur, and 25 per cent of an inert car- 
rier. This dust was used in three fields, 
each with four replicate plots. The data 
obtained showed 23 per cent control of 
tomato fruitworm, 9 per cent control of 
the beet armyworm, and 46 per cent con- 
trol of hornworms, as compared with 93, 
97, and 96 per cent, respectively, with 10- 
per cent DDT dust. 


1946 ExPERIMENTS.—T wo experiments 
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Table 1.—Comparison of various insecticides applied as dusts for the control of tomato pests, 1946. 
(Except for BHC and chlordane all dusts contained 25 per cent of sulfur in pyrophyllite.) 








Tomato Rus- 
sET MITE 
(mites per 
100 mm. of —— 


Dust APPLIED Tomato FruITwoRM 


PER ACRE FOR 





INSECTICIDE (quantities in per cent 


by weight) SEASON leaf surface) Damage Control 
Pounds Number Per Cent Per Cent 
Experiment 1 (8 replications) 
DDT: 10 92 — 0.18 86 
5 91 — 41 67 
Methoxychlor 10 87 .85 72 
5 89 - 65 49 
Difference required for significance 1 — 
(odds 19:1) 
Check (no treatment) 1.26 
Experiment 2 (4 replications) 
DDT 10 90 10 0.3 97 
TDE: 10 89 6 1.1 91 
5 90 7 R. 91 
Chlordane: 5 88 20 4.0 67 
2 89 243 8.5 30 
BHC: Gamma isomer 5 89 208 4.1 66 
Gamma isomer 2.5 89 241 5.3 57 
Difference required for significance 
(odds 19:1) 192 $3.3 
Check (no treatment) 816 12.2 





1 Not significant by the F test. 


were conducted in 1946 for control of the 
tomato fruitworm. In the first experiment 
methoxychlor was compared with DDT 
at strengths of 5 and 10 per cent in two 
fields, each with four replicate plots. In 
the second experiment a comparison was 
made of the control obtained with four 


chlorinated hydrocarbons. The results of 
both these tests are given in table 1. 
Experiment 1.—Because of the low in- 
festation of tomato fruitworms prevailing 
in the fields used for this experiment, 
there was no significant difference be- 
tween treatments, but all treatments 


Table 2.—Control of beet armyworm and tomato fruitworm with dust mixtures containing various 
strengths of different insecticides plus 25 per cent of sulfur in pyrophyllite, 1947. (3 applications, 
6 replications.) 





Beret ARMYWORM 





Dust APPLIED 
PER ACRE — — 


INSECTICIDE Tomato FrurTworRM 


(quantities in per 





Control 


cent by weight) FOR SEASON Damage Damage Control 
Pounds Per Cent Per Cent Per Cent Per Cent 
Field 1 
TDE 5 108 0 100 0.67 91 
DDT 5 109 0 100 .96 87 
Toxaphene 10 106 0.16 84 2.25 69 
Calcium arsenate 75 106 . 06 93 2.81 62 
Methoxychlor 5 110 43 55 3.88 47 
Check (no treatment) 0 95 — 7.36 — 
Error! — 5 = 2.30 — 
Field 2 
TDE 10 107 - - 0.04 93 
DDT 10 109 - : -14 78 
Toxaphene 20 110 .68 6 
Cryolite 70 106 .39 37 
Methoxychlor 10 109 - .62 0 
Check (no treatment) 0 - .61 — 
Error! — 40 





1 Difference required for significance at odds of 19 to 1. , ‘ 
2 Insecticidal treatments not significantly different but all superior to check at odds of at least 19 to 1. 
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were superior to no treatment. Methoxy- 
chlor was less effective than DDT. 

Experiment 2--DDT and TDE were 
equally effective against the tomato 
fruitworm, and significantly superior to 
chlordane and benzene hexachloride at 
the strengths used. All these materials 
were effective against the tomato russet 
mite, but the ones containing 25 per cent 
of sulfur were superior to chlordane (2 per 
cent) and to both of the BHC dusts. 
Chlordane (5 per cent) was effective 
against the russet mite without the addi- 
tion of sulfur. 

1947 Exprertments.—In 1947 DDT, 
TDE, and methoxychlor at 5 and 10 per 
cent strengths, and toxaphene at 10 and 
20-per cent strengths, were tested in two 
fields of late tomatoes each with six repli- 


- 


‘ate plots. The lower strengths were com- 
pared in one field with 75 per cent calcium 
arsenate, and the higher strengths in the 
other field with 70 per cent cryolite. The 
results of these experiments are shown in 
table 2. 

In fruitworm control there was no sig- 
nificant difference between TDE and 
DDT. TDE and DDT were significantly 
better than methoxychlor. There was no 
significant difference between materials 
in the control of the beet armyworm. 

1948 ExperRIMENTs.—In 1948 several 
dust mixtures were compared with con- 
centrated spray emulsions in two small- 
plot experiments. The emulsions were de- 
rived from commercially prepared emul- 
sion concentrates. The results of these ex- 
periments are given in table 3. 


Table 3.—Control of the tomato fruitworm with dust mixtures and sprays containing different in- 


secticides, 1948. 








INSECTICIDE 


DosAGE PER ACRE 


Tomato FruItTwoRM 








(Quantities in per cent by weight) FOR THE SEASON Damage Control 
Per Cent Per Cent 
Experiment 1 (7 applications, 4 replications) 
Dust mixtures, including 25 per cent 
of sulfur in pyrophyllite: 
Pounds of dust 
TDE 10 142 0.56 95 
DDT 10 144 .97 91 
Toxaphene 20 144 PS i 80 
Methoxychlor 10 142 5.61 48 
Chlordane 10 143 5.62 48 
BHC, gamma isomer 2 151 5.94 45 
Lindane 2 143 7.68 29 
Emulsions: Gallons of spray 
DDT 2.5 30 0.09 99 
Toxaphene 5 30 2.06 81 
Lindane 2.5 30 4.56 58 
Chlordane 2.5 30 5.29 51 
Error! 3.95 
Check (no treatment) 10.79 
Experiment 2 (9 applications, 4 replications) 
Dust mixtures, including 25 per cent 
of sulfur in pyrophyllite: 
Pounds of dust 
Toxaphene 20 164 0.74 97 
Chlordane 10 166 3.30 85 
Lindare 2 164 3.71 83 
BHC, gamma isomer 2 167 5.86 73 
Emulsions: Gallons of spray 
Toxaphene 5 19 0.90 96 
BHC, gamma isomer 2.5 18 4.53 79 
Chlordane 2.5 19 4.73 78 
Lindane 2.5 18 6.25 71 
Error! 2.94 
Check (no treatment) 21.91 





1 Difference required for significance at odds of 19 to 1. 
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Table 4.—Comparison of new insecticides, applied as dusts on large and small plots for tomato 
fruitworm control in 1949. Unless otherwise indicated, all dusts contained 25 per cent of sulfur in 


pyrophyllite. 








INSECTICIDE 
(quantities in per cent by weight) 


Experiment 1, large-scale 
Aldrin 1 plus DDT 5 
Chlordane 5 plus DDT 5 
DDT 10 
Toxaphene 20? 
Toxaphene 10 plus DDT 2 
Difference required for significance (odds 19:1) 
(9 replic 
Toxaphene 10? 
Parathion 2 
Difference required for significance (odds 19:1) 


Experiment 2, small-scale plots (5 replications) 


DDT 10 

Dieldrin 2.5 (no sulfur) 

Calcium arsenate, undiluted’ 

Fluorine analog of DDT 10 

2-nitro-1,1-bis (p-chlorophenyl) propane 2 

Aldrin 2.5 (no sulfur) 

2-nitro-1,1-bis (p-chlorophenyl) butane 2.5 
Difference required for significance (odds 19:1) 

Check (no treatment) 


DosAGE PER ACRE 


Tomato Frurrworm 


FOR THE SEASON Damage ( ‘entenl 
Pounds Per Cent Pe Cent 
» plots (16 replications) 
96! 0.6 9 
92 0.8 92 
98 1.0 90 
107 1.8 82 
95 £.2 78 
0.8 
ations) 

106 6.3 60 
100 8.6 15 
1.8 
102 0.4 98 
102 i. “ 9] 
102 S.C 85 
105 3. : 83 
101 4.3 79 
100 +. 4 78 
96 5.8 42 
Pte 
).$ 
> 4 


Difference required for significance (odds 19:1) 





! ' Applic ation rate for 2 fields, 10 replicate plots. In the third field, 2 


245 per cent of sulfur. 
Claimed to be compatible with organic insecticides. 


Experiment 1.—Four fields were treated 
with all or most of the test materials, but 
tomato fruitworm infestations were so low 
that significant results were obtained in 
only one field with four replicate plots. 
Three early applications were made in 
this field before the fruit set, and an addi- 
tional application was made after the 
regular schedule of three fruitworm ap- 
plications at intervals of 2 weeks, a total 
of seven applications. The four extra ap- 
plications were made for leaf miner control. 

TDE and DDT were significantly su- 
perior in the control of the tomato fruit- 
worm to all insecticides used except toxa- 
phene. The concentrated sprays were 
just as effective as the dusts. 

Experiment 2.—This experiment was 
conducted in a field of late tomatoes with 
four materials that were most promising 
for the control of the serpentine leaf 


miner. The object was to find an insecti- 


cide that would control effectively both 
the tomato fruitworm and the leaf miner. 
The insecticides were applied at weekly 
intervals and nine applications were made, 
the first three before fruit-setting time 
and the last six over the normal period 
for fruitworm control. 


2 applications were made at about 30 pounds per acre each. 


Toxaphene dust was significantly bet- 
ter than the other dusts in fruitworm con- 
trol, except for chlordane. Toxaphene 
spray was significantly better than the 
other three sprays. An analysis of like 
materials applied both as dusts and as 
sprays shows that toxaphene was superior 
to ail the other materials for fruitworm 
control (table 3). 

1949 ExppRIMENTs.—In 1949 two ex- 
periments were made with insecticide 
dusts applied to small- and large-scale 
plots. The first experiment was conducted 
in three fields of tomatoes on plots vary- 
ing from 0.33 to 0.5 acre in size. Dust ap- 
plications were made with power dusters, 
except for the first application in two field 
which was made with hand dusters. 
Three applications were made at 2-week 
intervals. In a late field, only the five 
most effective materials for fruitworm con- 
trol were used. 

In the second experiment the insecti- 
cides were applied on small plots with 
rotary hand dusters. Three applications 
were made at intervals of 2 weeks, be- 
ginning at fruit-setting time. 

The results of both experiments are 
given in table 4 
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Experiment 1.—<As no check plots were 
included in these fields, the per cent con- 
trol of the tomato fruitworm obtained 
with 10 per cent DDT was arbitrarily set 
at 90 per cent, and the per cent control 
for the other materials was calculated on 
this basis. The first three materials were 
significantly better than all the others, 
with no significant difference between 
them. The toxaphene and _ toxaphene- 
DDT dusts were significantly better than 
the remaining materials with no difference 
between these two. Toxaphene, 10 per 
cent, excelled parathion, 2 per cent. 

Experiment 2.-—-DDT (10 per cent) 
was significantly better for tomato fruit- 
worm control than all the other materials 
used, except dieldrin (2.5 per cent), and 
undiluted calcium arsenate (Table 4). At 
the strengths used for most of the other 
materials (2.5 per cent), the results are 
encouraging, as the percentage of control 
obtained was as good as in previous ex- 
periments when only 2.5 per cent of DDT 
was used (Wilcox & Howland 1946). If it 
is feasible to use higher strengths of 
these new materials, it may be possible to 
obtain control as good as or better than 
that obtained with 10 per cent DDT. 

The plots treated with the three ma- 
terials that did not contain sulfur(calecium 
arsenate, dieldrin, and aldrin) developed 
a serious infestation of tomato russet mite, 
and these plots plus the untreated plots 
were given an extra application of sulfur 
on September 14. 

SUMMARY AND Conc.Lusions.—In ex- 
periments conducted in southern Califor- 
nia from 1945 to 1949, excellent control 
of the tomato fruitworm was obtained 
with dusts containing 5 or 10 per cent of 
DDT or TDE, 1 per cent of aldrin, or 5 
per cent of chlordane plus 5 per cent of 
DDT. A 2.5-per cent dieldrin dust was 
promising in limited tests. Toxaphene as 
a 20 per cent dust gave satisfactory con- 
trol of the tomato fruitworm in the 1948 
tests, but it was inferior to a 10 per cent 
DDT dust in the 1947 and 1949 tests. Less 


effective materials against the tomato 
fruitworm were dusts containing 10 per 
cent of toxaphene, 10 per cent of toxa- 
phene plus 2 per cent of DDT, 75 per 
cent of undiluted calcium arsenate, 10 
per cent of the fluorine analog of DDT, 2.5 
per cent of 2-nitro-1, 1-bis (p-chloro- 
phenyl) propane, 2.5 per cent of 2-nitro-1, 
1-bis (p-chlorophenyl) butane, 2.5 per 
cent ofaldrin, 5and 10 percent of methoxy- 
chlor, 2, 5, and 10 per cent of chlordane, 
70 per cent of cryolite, 2, 2.5, and 5 per 
cent of the gamma isomer of benzene 
hexachloride, and 2 per cent of lindane. 
Dusts containing 50 per cent of ryania or 
2 per cent of parathion were relatively 
ineffective against this insect. Concen- 
trated sprays ccataining 2.5 per cent of 
DDT or 5 per cent of toxaphene emulsion 
gave good to excellent control of the to- 
mato fruitworm. The same type of sprays 
containing 2.5 per cent of chlordane, 
lindane, or the gamma isomer of benzene 
hexachloride emulsion were relatively 
ineffective against this insect. 

Dusts containing 5 or 10 per cent of 
DDT, 5 per cent of TDE, 10 per cent of 
toxaphene, or 75 per cent of calcium arse- 
nate were effective against the beet army- 
worm. Less effective results were ob- 
tained with a dust containing 5 per cent 
of methoxychlor, and a 50-per cent ryania 
dust was ineffective against this species. 

For the control of hornworms a dust 
containing 10 per cent of DDT was ef- 
fective and a dust containing 50 per cent 
of ryania was ineffective. 

Dust mixtures containing 25 per cent 
of sulfur were effective against the tomato 
russet mite. In one experiment a dust con- 
taining 5 per cent of chlordane and no 
sulfur was almost as effective as the dusts 
containing sulfur. Dusts containing 2 per 
cent of chlordane, 2.5 per cent or 5 per 
cent of the gamma isomer of benzene 
hexachloride, undiluted calcium arsenate, 
or 2.5 per cent of aldrin or dieldrin, used 
without sulfur, were less effective against 
this mite. 
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Further Tests of Insecticides to Control Meadow 
Spittlebugs on Alfalfa’ 


T. R. CuamBeruin, U.S.D.A., Agr. Res. Adm., 
T. Mepvier, Wisconsin Agricultural Experiment Station 


and J. 


with insecticides against the 
meadow spittlebug, Philaenus leucoph- 
thalmus (L.), on alfalfa were made in 
Wisconsin in 1947 and 1948 and were re- 
ported on by Chamberlin et al. (1948) 
and by Chamberlin & Medler (1949). 
This paper reports further tests with in- 
secticides against this spittlebug made in 
Wisconsin in 1949 on alfalfa grown for 
seed. Chlordane, DDT, toxaphene, and 
parathion had been tested previously, but 
lindane, aldrin, dieldrin, and methoxy- 
chlor were tested for the first time. 

BrotocicaL Datra.—The spring of 
1949, until mid-June, was characterized 
by alternating periods of unusually high 
and low temperatures, especially during 
May. Precipitation in general was low 
until approximately the middle of June 
and was spotted in distribution, but per- 
haps owing to the cool periods with low 

raporation rates, legumes did not suffer 
from lack of moisture except in a few 
areas. Although the mean monthly tem- 
peratures in the spring were above normal, 
especially in June, the alternating cool 
and warm periods retarded the appear- 
ance and development of spittlebugs early 
in the season without retarding the growth 
of legumes correspondingly. Thus al- 
falfa and other legumes were more ad- 
vanced when spittle masses began to ap- 
pear on them than in any of the previous 
three seasons. Moreover, insecticides were 
applied to alfalfa in all stages of growth 
earlier with respect to spittlebug develop- 
ment than they were to alfalfa in similar 
stages of growth or on approximately the 
same dates in the previous years. These 
conditions caused some difficulty in 
timing applications that in some cases 
may have resulted in erratic performance 
of spray materials. 

The first spittlebugs were found spar- 
ingly on alfalfa in Sheboygan County on 
May 3. They were first instars and were 
situated low on the stems beneath stipules. 
Little or no spittle had been produced. 
On May 13 in the same field nymphs 
averaged close to one per stem, but as 
many as three on a single stem and two 
beneath a single stipule were observed. A 


Tests 


Bureau of Entomology and Plant Quarantine, 


few were in the second instar. In several 
fields in Sheboygan, Calumet, and Ke- 
waunee Counties, examined between May 
15 and 28, conditions appeared to have 
changed little except that the number of 
second-instar nymphs was increasing. Be- 
ginning on May 28 there was a general rise 
in temperatures which apparently gave 
considerable impetus to spittlebug devel- 
opment, since by June 2 on the Sheboygan 
County farm about 50 per cent of the 
stems in alfalfa bore conspicuous spittle 
masses. After spittle masses appeared in 
quantity, development of the nymphs 
seemed to be accelerated still more, since 
in some fields spittle masses were de- 
creasing in number by June 17 because of 
adult emergence. In general, infestations 
by spittlebugs were less uniform than in 
the previous three seasons. 

Tests oF INsecticipEs.—Two types of 
experiments were conducted—those in 
which treatments were applied to small 
plots of 0.05 or 0.025 acre in single fields 
and replicated four times and those in 
which treatments were applied to large 
plots of 0.25 to 1 acre. The latter treat- 
ments were not replicated within fields 
but were applied in several fields in a 
locality. 

Although most of the sprays were 
emulsions made from commercial and 
laboratory-prepared emulsion  concen- 
trates, lindane was also applied as a water 
suspension. Parathion and methoxychlor 
were applied as water suspensions only. 
Xylene was used as the solvent in the 
laboratory-prepared emulsion concen- 
trates and 5 per cent by weight of emulsi- 
fier was used for each half-pound of in- 
secttcides in each quart of emulsion con- 
centrate. This amount of emulsifier is 
more than is needed for DDT but prob- 
ably not for chlordane and toxaphene if a 
10-gallon-per-acre emulsion is to be 
maintained with little agitation.” 

Infestations were determined by count- 
ing the number of stems bearing spittle 


! Supported in part by the Research Committee of the Gradu- 
ate School of the Shien srsity of Wisconsin from funds supplied by 
the Wisconsin Alumni Research Foundation. 

2 The emulsifiers used were either a mixture of two parts of 
Triton X-155 and three parts of Triton X-1956 or Atlas G-1256 


888 








December 1950 


CHAMBERLIN & MEpDLER: MEADOW SPITTLEBUGS ON ALFALFA 





889 


Table 1.—Effectiveness of various insecticides applied as sprays for control of meadow spittlebug 
nymphs on alfalfa. Wisconsin, 1949. 
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Sheboygan Co. 
Sheboygan Co. 


Sheboygan Co. 


Rank 
Buboltz 


Fenner 


Prange 


Sheboygan Co, 


Rank 
Buboltz 


Prange 


Sheboygan Co. 


Sheboygan Co. 


Rank 
Buboltz 
Rank 
Buboltz 


Fenner 


Prange 


Sheboygan Co. 


Rank 
Buboltz 


Fenner 





Methoxychlor Prange 


SIzE OF 


Piotr 


Small 
Large 


Small 
Large 
Small 
Large 
Large 


Large 


Small 


Large 


Small 


Large 
Large 


Small 
Large 


Small 


Large 


Small 
Large 


Large 
Large 
Large 


Large 


Small 


Large 


Small 
Large 
Large 
Large 


Large 





ey 


PER 
CENT 
CONTROL 


98.5 
99 
94 
93 
95 

100 
99 
99 
94 

100 

100 

100 
87 

100 
85 
79 
84 
73 
92 

100 

100 
95 
74 
71 

100 
90 
75 

83 

79 

96 

98 

+t 

29 

59 

76 

86 

77 

55 

33 

57 

81 

55 

79 

63 

71 

40 

36 

28 

63 

63 
0 

48 

33 

36 

30 


HEIGHT OF 
ALFALFA DATE TOxIcANT 
+ LBS. PER 
Inches Applied Sampled Acre! 
14-16 May 24 June 2,16 0.25 
8-12 12 2,16 1? 
1.2 
14-16 24 2,16 1.5 
8-12 12 2,16 1.7? 
1.3* 
1.13 
14-16 Q4 2,16 yf 
14-16 25 17 1.54 
1.5 
10-12 26 17 1.54 
1.5 
14-16 26 16 1.53 
24-26 June 1 16 1.55 
1.5 
1.5? 
18-24 2 13 1.5 
8-12 May 24 2, 16 25 
25 2,16 25 
14-16 25 17 25 
10-12 26 17 .25 
24-26 June 1 16 25 
18-24 2 13 5 
8-12 May 24 2, 16 58 
8-12 May 12 June 2, 16 1.8 
1 i re? 
1° 
.98 
1.134 
1.334 
10-12 24 2,16 5 
14-16 25 17 14 
}4 
10-12 26 Yj 1! 
1! 
14-16 25 17 1 
1 
10-12 26 17 1 
l 
14-16 26 16 1 
1! 
24-26 June 1 16 
1 
12 
18-24 Q 13 1 
10-12 May 24 2,16 25 
14-16 25 17 25 
10-12 26 17 25 
14-16 26 16 25 
18-24 June 2 13 26 





1 Dosage, 10 gine of spray per acre as emulsions from labo- 


ratory-preparec 


2 5 gallons per acre application. 
315 gallons per acre application. 


emulsion concentrates unless otherwise noted. 


* Emulsion from commercial concentrate. 
5 20 gallons per acre application. 
6 Wettable powder in water. 
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masses in 80 or 100 stems collected in 
each plot. Stems were taken at random 
in lots of 10 in 8 to 10 different parts of 
the plots. 

In the replicated small-plot  experi- 
ments, applications were made with a 
small garden tractor guided by hand and 
equipped with a 2-cylinder compressor 
pump, a pressure tank, a small demount- 
able spray tank, and a 13.5 foot spray 
boom mounted in front. A 5-hp. gasoline 
engine had sufficient power to propel the 
tractor at a uniform speed over all kinds 
of terrain and maintain a pressure of 40 
pounds per square inch. Most of the ap- 
plications were made at the rate of 10 
gallons of spray per acre, but in one ex- 
periment 5, 10, and 20 gallons per acre 
were applied by changing the nozzle discs. 
In the large-plot experiments, applica- 
tions were mostly made by various farm 
tractors equipped with gear pumps and 
spray booms of different types and 
lengths, all mounted in front. The pres- 
sure approximated 45 pounds per square 
inch and the rate was 5, 10, and 15 gallons 
per acre. In one large-plot experiment the 
small garden-tractor sprayer was used. 

Discussion.—In table 1 are given the 
data obtained in seven experiments on five 
farms distributed in Sheboygan, Calumet, 
and Fond du Lac Counties. These data 
show that at the dosages applied DDT, 
toxaphene, and lindane were highly ef- 
fective and were more consistently so than 
chlordane emulsions, and that in a single 
trial dieldrin was also highly effective. 
Although chlordane was inferior to the 
other materials just mentioned, it was 
better than aldrin emulsion and methoxy- 
chlor wettable powder. The per cent con- 
trol obtained with parathion wettable 
powder in a single experiment was higher 
than the average control by chlordane 
emulsions in all experiments, but at the 
dosage of 0.5 pound per acre parathion 
burned the foliage rather severely. 

In the experiments in which more than 
one infestation count was made after 
treatment, the second counts in chlordane- 
treated plots usually showed a considera- 
bly higher infestation than the first. 
When toxaphene, DDT, lindane, or diel- 
drin were used, however, the second count 
showed little or no more, and sometimes 
less, infestation than the first. This would 
suggest either that the actual control of 
nymphs in the chlordane plots was less 
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than is indicated by counts of stems in- 
fested with spittle masses or that the re- 
sidual effect of chlordane is less persistent 
than that of the other insecticides just 
mentioned. The results in 1949 confirm 
those of 1948 in showing that toxaphene 
was superior to chlordane when both were 
applied as emulsions. It should be pointed 
out here, however, that chlordane may be 
more effective in dust form, as was shown 
in the 1947 tests. 

As indicated in table 1, and substanti- 
ated by a study of the results in individual 
experiments not given in the table, there 
was little difference in the effectiveness of 
toxaphene emulsions at dosages of actual 
insecticides per acre of 0.75 to 1.5 pounds, 
of DDT at dosages of 1 to 1.5 pounds, 
and of chlordane at dosages of 0.5 to 1.5 
pounds. Increasing the dosage of aldrin 
from 0.25 to 0.5 pound did not improve 
its poor control nor did the same increase 
improve the excellent performance of 
lindane. Although parathion at 0.5 pound. 
per acre showed fair control with a burn- 
ing of the foliage, at 0.25 pound in 1948 it 
did not burn but gave no control. Diel- 
drin was tried only at 0.25 pound and 
methoxychlor only at 2 pounds per acre. 

Although the results were somewhat 
variable from each of the materials that 
was tested more than once, none of the 
differences could be attributed with cer- 
tainty to the machines used in making 
the applications, the time of application, 
or the quantity applied per acre. If the 
above-mentioned factors were without 
material effect it would appear that a 
lack of uniform distribution of the toxi- 
cant was the probable cause of variation. 

Seep Yreups.—On the Sheboygan 
County farm very little seed was produced 
on the treated or check plots because 
heavy rains interfered with pollination 
and encouraged the spread of plant dis- 
eases. Determination of yields, therefore, 
was not attempted. The other fields were 
not subjected to similar driving rains. The 
Buboltz field, which was in the first crop 
year, produced 5.1 bushels of seed per acre 
and the Rank field 7 bushels per acre, 
most of which was from the treated por- 
tions. The Fenner field produced 4.5 
bushels per acre from the treated area. 
Practically no seed was produced on the 
check. On the Prange farm only 0.5 
bushel of seed per acre was harvested 
from the small plots, because a severe hail 
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storm just before harvest had beaten a 
large portion of the pods to the ground. 

None of the materials used in the fore- 
going experiments are recommended for 
use on alfalfa that may be fed to dairy 
animals or to meat animals being finished 
for slaughter. 

SUMMARY AND CONCLUSIONS.—Seven 
tests of insecticides were made against the 
meadow spittlebug, Philaenus leucoph- 
thalmus (.), on alfalfa being grown for 
seed on five farms in Sheboygan, Fond du 
Lac, and Calumet Counties, Wis. 

The spring months of 1949, especially 
May, were characterized by alternating 
warm and cold periods which delayed the 
emergence and retarded the development 
of spittlebugs until early June without re- 
tarding the growth of alfalfa correspond- 
ingly. Therefore, it was difficult to time 
applications as intended and in some cases 
improper timing may have resulted in 
somewhat erratic performance of spray 
materials. 

Various dosages of insecticides were ap- 
plied at from 5 to 20 gallons per acre with 
tractor sprayers or a specially constructed 
garden-tractor sprayer at a pressure of 
from 40 to 45 pounds per square inch. 

Effect of insecticides was determined 
largely from the proportion of stems 
bearing spittle masses in treated and un- 
treated plots. The following materials 
were applied as emulsion sprays prepared 
from laboratory-mixed or commercial 
emulsion concentrates: toxaphene, chlor- 
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dane, DDT, lindane, aldrin, and dieldrin. 
Lindane was also applied as a water su- 
spension spray and methoxychlor and 
parathion were applied as water suspen- 
sions only. Of these materials, toxaphene 
and chlordane were tested most intensive- 
ly. At the dosages used toxaphene gave 
excellent control and was distinctly su- 
perior to chlordane. Of materials tested 
less thoroughly, lindane, DDT, and diel- 
drin were very good and appeared to be 
just as effective as toxaphene. Aldrin and 
methoxychlor gave very poor control. 
-arathion as a wettable powder at 0.5 
pound per acre gave only fair control. 

Differences in control were not noticea- 
ble between dosages of actual toxicant as 
follows: Toxaphene at 0.75 to 1.5 pounds, 
chlordane at 0.5 to 1.5 pounds, DDT at 1 
to 1.5 pounds, lindane at 0.25 to 0.5 pound, 
and aldrin at 0.25 and 0.5 pound. In 1948, 
parathion proved ineffective at 0.25 pound 
per acre. In 1949 it gave some control at 
0.5 pound per acre but burned the foliage. 

On the three farms where weather con- 
ditions or diseases did not interfere with 
seed production the yield of seed was 4.5, 
5.1, and 7 bushels per acre, most of which 
was from the treated plots. 

Use of the insecticides for control of 
meadow spittlebugs as described in this 
report does not constitute a recommenda- 
tion for their application on alfalfa to be 
used as feed for dairy animals or meat 
animals being fattened for slaughter. 
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The Frank Morton Jones Collection of 
Lepidoptera Donated to the 
University of Delaware 


The insect collection of the University of Dela- 
ware housed in the Department of Entomology, has 
been considerably strengthened for teaching and 
research purposes by a recent gift of Lepidoptera by 
the well-known naturalist, Dr. Frank Morton Jones, 
of Wilmington, Delaware. 

Included in this contribution from Dr. Jones’ 
large personal collection, acquired through years of 
study both here and abroad, are some 850 species 
(and 2000 specimens) which occur in the northeast- 
ern states. The family Noctuidae is well represented 
and there are, also, many microlepidotpera of eco- 


nomic importance. 

Dr. Jones is a world-authority on the Psychidae. 
Among his many publications are unusual reports on 
insectivorous plants and their insect associates and 
outstanding papers on adaptive coloration of in- 
sects. He is a member of several entomological or- 
ganizations in this country; a fellow of the Royal 
Entomological Society, London; and, for 15 years, 
was president of the Natural History Society of Del- 
aware. In 1931, he was granted an honorary D.Sc. 
degree by the University of Delaware. 








Laboratory Experiments to Determine the Insecticidal 
Action of Several Organic Insecticides 
Against Boll Weevil! 


Water J. Misrric, Jr. and C. F. Rarywater, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine® 


Certain organic insecticides show toxic 
action to insects in more than one way 
(Weinman & Decker 1947; Srivastava & 
Wilson 1947; Sun et al. 1948; Menusan 
1948; Hoffman & Lindquist 1949; Beard 
1949). In the present study the total toxic 
action of each of eight insecticides has 
been reduced to its specific components in 
such a way as to establish the degree to 
which each contributes to the total. A 
direct comparison is then made showing 
the effects of each of the components, and 
finally a direct comparison showing the 
total effect produced. 

MATERIALS AND Meruops.—The fol- 
lowing insecticides, reported by the manu- 
facturers to contain the given percentages 
of active ingredients, were tested. 


Benzene Per Cent 
hexachloride of Active 
Isomer Ingredient 
Alpha 53 — 
Beta 9 — 
Delta 6.5 — 
Gamma 11.9 — 
Epsilon 1 — 
Acetone insoluble 15.4 96.8 
Toxaphene 40 
Chlordane 50 
Aldrin 25 
Dieldrin 15 
CS-645A (Technical 1,1-bis(p-chloro- 
phenyl)-2-nitropropane) 50 
CS-674A (Technical 1,1-bis(p-chloro- 
phenyl)-2-nitrobutane) 50 
DDT 100 


Each of these insecticides was known 
to be toxic to the boll weevil in some 
degree. 

Pyrophyllite was the diluent used in all 
laboratory formulations, except that at- 
taclay was used in the formulations with 
the pure isomers of benzene hexachloride. 

An insecticide may show three types of 
toxic action: Stomach, contact, and fumi- 
gation. Scales in 1948 (Unpublished data) 
demonstrated that cotton leafworm larvae 
were killed from plant absorption of the 
fumes or condensation of the fumes on 
plant surfaces. The fumigation experi- 
ments were therefore designed to deter- 


mine—-(1) the direct effect of the vapors 
on the insect, and (2) either the plant ab- 
sorption of the vapors or the condensa- 
tion of the vapors on plant tissue. The 
final result from plant absorption was 
probably largely stomach action, and 
from condensation a combination of con- 
tact and stomach action, the fumigating 
aspect arising from the fact that the 
fumes, or vapors, of the insecticide were 
the only possible source of action. 

All tests were conducted in the labora- 
tory and were checked daily for 5 days 
after treatment. Continuous temperature 
and humidity records were made on a 
hygrothermograph. Comparable — un- 
treated checks were used with each test, 
and the net kill was calculated by means of 
Abbott’s formula. All insecticides were 
applied as dusts throughout this study. 
The dust-settling chamber was of a type 
similar to that described by Waters in a 
publication edited by Campbell & Moul- 
ton (1943). 

For determining combined effect, in- 
dividual cotton plants were placed in the 
settling chamber, into which the dust 
mixtures were discharged at a rate of 10 
pounds per acre and allowed to settle for 
5 minutes. Twenty boll weevils in a 
plastic-screen cage were immediately con- 
fined to each dusted plant. 

For determining contact action the 
weevils were confined in 12-mesh screen- 
wire cages 3 inches in diameter and 3 
inches high. Twenty weevils were confined 
to each cage and placed in a dust-settling 
chamber into which the dust was dis- 
charged at a rate of 10 pounds per acre 
and allowed to settle for 1 minute. The 
dusted weevils were then confined in 
plastic-screen cages and transferred im- 
mediately to clean cotton plants. 

Direct-fumigation action was deter- 
mined by using two 0.5 liter, wide-mouth 
jars arranged mouth to mouth to con- 

1 Report of a study made under the Research and Marketing 
Act of 1946. 


2 In cooperation with the Texas Agricultural Experiment Sta- 
tion. 
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stitute a fumigation chamber. The in- 
secticide was spread out evenly on the 
bottom of the lower jar, and 25 boll 
weevils were confined to the upper jar by 
means of a coarse copper-screen disc 
separating the two. In order to maintain 
a fairly even evaporating surface within 
the chamber, the dosage was generally 
held constant at 2 grams per liter, and the 
concentrations of the dust were varied to 
provide the desired rate of application. 
The mouths of the two jars were sealed by 
a caulking compound at their point of 
juncture with the screen. The fumigating 
time was 12 hours for each test. 

Fumigation action with plants was de- 
termined by confining the tops of potted 
cotton plants inside 6-liter lantern-globe 
fumigation chambers. The insecticide was 
placed in a shallow dish on the bottom of 
the chamber so as not to touch any por- 
tion of the plant. Caulking compound was 
used to seal the lantern globe to the 
wooden bottom and to the plate-glass top. 
The plants remained in the fumigation 
chamber for 24 hours, after which they 
were removed and allowed to stand in the 
open laboratory for 1 hour. The weevils 
were then confined on the plants by means 
of plastic-screen cages, approximately 25 
on each plant. 

The dosage-mortality lines were cal- 
culated according to the method of Bliss 
(1938). 

Tests TO DereRMINE ComBINED IN- 
SECTICIDAL ActTion.—No - satisfactory 
technique for determining stomach action 
alone against the boll weevil is known. It 
may be assumed that action not caused 
by either fumigation or contact would be 
stomach action. In order to show this, 
then, the combined action, or total effect, 
caused by each of the eight compounds 


was determined by dusting cotton plants 
with varying concentrations of each in- 
secticide at a rate of 10 pounds per acre 
and confining boll weevils to these. Four 
series of tests consisting of three replicates 
each were conducted to determine the 
combined insecticidal action. The dosage- 
mortality relationship calculated from 
these data is shown in Figure 1. 
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Fic. 1.—Dosage-mortality relationship of eight 

insecticides, showing total effect produced, or 

combined insecticidal action, against the boll 

weevil under laboratory conditions when applied 

at 10 pounds per acre. Mean temperature 84° F.; 
mean humidity 63 per cent. 


Tests TO DetreRMINE Contact Ac- 
rt10oN.—Each of the eight insecticides was 
tested at three concentrations to deter- 
mine contact effect, each concentration 
being applied at the rate of 10 pounds per 
acre. The concentrations were 2.5, 5, and 
10 per cent for aldrin and dieldrin and 5, 
10, and 20 per cent for all the other in- 
secticides except technical benzene hexa- 
chloride, which were 1.5, 3, and 6 per cent. 
The mean temperatures for the period 
ranged from 79° to 90° F., the mean 
humidities from 45 to 86 per cent. The re- 
sults of these tests are summarized in 
table 1. 


Table 1.—Contact action against the boll weevil of several insecticidal dusts at various strengths. 


(Exposure period 1 minute.) 








INSECTICIDE 1.5% 2.5% 
Toxaphene . ie 
Chlordane a aa 
Aldrin = 18 


Dieldrin -- 19 
Compound CS-645A 
Compound CS-6744 . 
DDT - 
Benzene hexachloride 40 


Per Cent Kitt at STRENGTH OF TECHNICAL MATERIAL INDICATED 


3% 5% 6% 10% 20% 
- 9 -- 10 29 
-- 15 - 5 16 
49 - 35 —- 
78 - 96 - 
6 - 5 20 
14 14 26 
12 13 38 
56 13 — 
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Fic. 2.—Dosage-mortality relationship of three 


insecticides, showing contact action against the 

boll weevil under laboratory conditions when ap- 

plied at 10 pounds per acre. Mean temperature 
85° F.; mean humidity 65 per cent. 


Only three of the eight insecticides 
tested demonstrated marked contact ac- 
tion against the boll weevil—aldrin, di- 
eldrin, and technical benzene hexachlo- 
ride. To determine the dosage-mortality 
effect, one additional series of tests con- 
sisting of three replicates was conducted 
with these three compounds. Figure 2 
shows this dosage-mortality relationship 
as calculated from the combined data. 

Contacr Action CAUSED BY THE 
PrincipaL Isomers OF BENZENE HExa- 
CHLORIDE.—Since technical benzene hexa- 
chloride was shown to cause an appreci- 
able degree of contact action against the 
boll weevil, it was necessary to determine 
the degree to which each of the principal 
isomers contributed to this action. One 
series of tests consisting of five replicates 
was conducted to determine this effect 
from dust mixtures containing 9 per cent 
of the pure alpha, beta, delta, and gamma 
isomers, and technical benzene hexa- 
chloride containing 9 per cent of the 
gamma isomer. These were tested as de- 
scribed above by dusting the boll weevils 
at a rate of 10 pounds per acre. The mean 
temperatures throughout the tests ranged 
from 73° to 82° F., and the mean humidi- 
ties from 51 to 78 per cent. The results of 
this test are summarized in table 2. 

Direct-FUMIGATION Tests.--The 
eight insecticides selected for study were 
tested as described above to determine 
direct fumigating effect. Four replicates 
were conducted in which the concentra- 
tion was 400 milligrams of active ingredi- 
ent per liter for each insecticide except 
benzene hexachloride, which was 220 milli- 
grams per liter. The mean temperatures 
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Table 2.—Contact action against the boll wee- 
vil of the principal isomers of benzene hexachlo- 
ride and the technical product. (All dusts were 
used at 9 per cent concentration.) 








Per CENT 


ISOMER OR TECHNICAL Propuct KILL 
Alpha 9 
Beta 4 
Delta 8 
Gamma Q4 
Technical benzene hexachloride 

(9 per cent gamma) 33 





during the period ranged from 79° to 89° 
F., and the mean humidities from 51 to 
89 per cent. These results are summarized 
in table 3. 

From table 3 it may be seen that only 
four of the eight materials tested dem- 
onstrated marked fumigating action: 
namely, benzene hexachloride, chlordane, 
aldrin, and dieldrin. These four were 
selected for further study to determine 
dosage-mortality effect due to direct 
fumigation. Six additional series of tests 
were conducted with these four com- 
pounds in various concentrations. Figure 
3 shows the dosage-mortality lines cal- 
culated from these data for each of the 
four compounds. 

Tests with FumMIGANt IN Top AND IN 
BorroMm OF THE CHAMBER.—To deter- 
mine the comparative fumigating effect 
caused by placing the insecticides in both 
the top and the bottom of the chamber, 
and the insects in reverse positions, a 
series of tests consisting of three replicates 
was conducted. The four insecticides 
which had shown marked fumigating 
properties at a concentration of 50 milli- 
grams of active ingredient per liter were 
tested. The results of these tests are sum- 
marized in table 4. 


Table 3.—Comparison of seven insecticides at 
concentrations of 400 mg. per liter, and benzene 
hexachloride at 220 mg. per liter, in direct fumi- 
gation tests against the boll weevil. (Exposure 
period was 12 hours.) 





Per Cent Kivi 





INSECTICIDE 


Technical benzene hexachloride 57 
Toxaphene 17 
Chlordane 82 
Aldrin 96 
Dieldrin 85 
Compound CS-645A 6 
Compound CS-674A 15 
DDT 5 
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Table 4.—Per cent kill of the boll weevil in 
direct-fumigation test when fumigant was placed 
in the top and in the bottom of the fumigating 
chamber and the insects were placed in reverse 
positions. (50 mg. per liter.) 








FumGANtT FuMIGANT 
on Tor on Bottom 


INSECTICIDE 


Technical benzene 


hexachloride 54 66 
Aldrin 79 75 
Chlordane 74 54 
Dieldrin 7? 74 





From the data shown in table 4 it was 
concluded that the position of the fumi- 
gant within the chamber did not markedly 
influence the results within this closed 
system when the exposure period was 12 
hours. These results also verify those of 
Hoffman & Lindquist (1949). All subse- 
quent fumigating tests, therefore, were 
conducted by placing the fumigant in the 
bottom of the chamber. 

Direct FumicaTion BY DIFFERENT 
IsoMERS OF BENZENE HEXACHLORIDE. 
Four series of tests, the first consisting of 
four replicates and the others of three 
each, were conducted with the alpha, 
beta, delta, and gamma isomers, and the 
technical product. Dosage-mortality lines 
caleulated from these data are shown in 
figure 4. 

FUMIGATION THROUGH PLANT ABSORP- 
TION OF VAPORS OR THROUGH CONDEN- 
SATION OF VAPORS ON PLANT SURFACES. 
Two series of tests consisting of four rep- 
licates each were conducted to demon- 
strate insecticidal action through plant 
absorption of vapors or through condensa- 
tion of vapors on plant surfaces. The first 


PER CENT MORTE 


LOR! ae ---— SH 


M SRAMS PER LITER 


lig. 3.-—Dosage-mortality relationship of four 

insecticides, showing fumigating action against the 

boll weevil in a closed fumigation chamber when 

exposure period was 12 hours. Mean temperature 
83° F.; mean humidity 63.5 per cent. 


Table 5.—-Comparison of several insecticides 
and the four principal isomers of benzene hexa- 
chloride in plant-fumigation tests against the boll 
weevil. (Exposure period 24 hours.) 








INSECTICIDE Per Cent KILu 


First Series 


Benzene hexachloride 24 
Toxaphene 33 
Chlordane 50 
Aldrin 57 
Dieldrin 34 
Compound CS-645A 8 
Compound CS-674A 32 
DDT 29 
Second Series 
Technical benzene hexachloride 33 
Alpha benzene hexachloride 17 
Beta benzene hexachloride f 
Delta benzene hexachloride Q4 
Gamma benzene hexachloride 2 





series included all eight of the insecticides 
originally selected for these studies. The 
concentration was 400 mg. per liter for all 
insecticides except benzene hexachloride, 
which was 220 mg. per liter. The mean 
temperatures during this period ranged 
from 79° to 89° F., and the mean humidi- 
ties from 49 to 84 per cent. The second 
series included the four principal isomers 
of benzene hexachloride and the technical] 
material at a concentration of 440 mg. per 
liter of each. The mean temperatures 
during this period ranged from 73° to 81° 
F., and the mean humidities from 43 to 
65 per cent. Results of these tests are 
summarized in table 5. 

A summary of the median lethal doses 
and regression coefficients for each of the 
dosage-mortality lines shown in figures 1, 
2,3, and 4 is given in table 6. 
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Fic. 4.—Dosage-mortality relationship of technical 

benzene hexachloride and its. principal isomers 

showing fumigating effect against the boll weevil 

in a closed fumigation chamber when exposure 

period was 12 hours. Mean temperature 85° F., 
mean humidity 60 per cent. 
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Table 6.—Median lethal doses and regression coefficients, showing fumigating, contact, and com- 
bined action of several insecticides against the boll weevil. 














ComBINED ACTION Contact ACTION Fumieatina ACTION 

Median Regression Median Regression Median Regression 

Lethal Coeffi- Lethal Coeffi- Lethal Coefii- 

INSECTICIDE Dose! cient Dose! cient Dose? cient 

Dieldrin 0.9 2.5 2.7 ¥.7 16.6 0.9 
Aldrin i 1.9 6.6 8 12.9 gi 
Technical benzene hexachloride 1.0 1.9 3.7 0.6 47.6 0.5 
Chlordane 10.1 2.4 - os 21.9 1.0 
Toxaphene 6.4 2.1 - — — 
DDT 9.3 1.8 
Compound CS-645A 11.4 2.5 
Compound CS-674A 16.7 1.4 - — - 
Alpha benzene hexachloride - ~ 467.3 0.914 
Beta benzene hexachloride 1213.0 0.767 
Delta benzene hexachloride — . - 778.2 0.781 
Gamma benzene hexachloride - - —— 233.5 0.393 
Technical benzene hexachloride --- — -- ~- 59.2 0.773 





1 Per cent of active ingredient in mixture applied at 10 pounds per acre. 
2 Milligrams of active ingredient per liter. 


It will be noted from table 6 that trol and, in fact, in insect control in 
median lethal doses (LD-50’s) and re- general it is not sufficient to evaluate in- 
gression coefficients do not serve to _ secticides on the basis of the unit dose re- 
evaluate properly the comparative ratio quired to kill 50 per cent of the popula- 
of effectiveness of these insecticides. The — tion. In order to show how the ratio of ef- 
ratio of effectiveness changes with each  fectiveness changes at different mortality 
increase in unit dose. In boll weevil con- levels, the dosages were calculated for each 


Table 7.—Comparative ratio of effectiveness and calculated lethal dosages (in parentheses)! at 
several mortality levels for eight insecticides against the boll weevil as determined for combined ac- 
tion, or total effect produced. 








REGREs- 
SION Mortauity LEVEL 
Cor FFI-) —---——--- — — —~——_—_--——— 
INSECTICIDE CIENT 20% 30% 7 410% 50% 60% 70% 80% 90% 
Dieldrin 25 9.8 12.3 14.8 18. 0 21.6 26.3 33.0 45.6 
(0.42) (0.57) (0.74) (0.98) (1.18) (1.52) (2.05) (3.09) 
Technical benzene 1.9 11.5 13.2 14.8 16.5 18.4 20.5 23.6 28.3 
hexachloride? (0.36) (0.53) (0.74) (1.01) (1.88) (1.95) (2.87) (4.97) 
Aldrin 1.9 10.3 11.8 18.5 15.1 16.9 18.9 21.8 26.6 
(0.40) (0.59) (0.81) (1.11) (1.51) (2.11) (8.10) (5.30) 
Toxaphene 2.1 1.6 1.9 2.3 2.6 3.0 8.5 4.2 §.5 
(2.55) (3.60) (4.84) (6.38) (8.41) (11.30) (15.98) (25.82) 
Chlordane 2.4 0.9 | Vee | 1.4 1.6 2.0 2.4 3.0 4.0 
(4.49) (6.11) (7.94) (10.14) (12.96) (16.85) (22.91) (35.08) 


; 0 1.2 1.5 1.8 2.2 2.8 3.9 
(5.30) (7.06) (9.08) (11.37) (14.30) (18.29) (24.89) (36.35) 


o 
cr 
-~ 
ie 2) 
— 


Compound CS-645A — 2. 


DDT 1.3 2.0 1.9 1.9 1.8 1.8 1.8 1.7 1.6 
(2.07) (3.61) (5.81) (9.06) (14.14) (22.76) (39.71) (85.94) 


Compound CS-674A 1.4 1.0 1.0 1.0 1.0 1.0. =: 1.0 1.0 1.0 
(4.13) (6.99) (10.96) (16.71) (25.46) (39.97) (67.72) (140.80) 





1 Per cent of active ingredient in mixture applied at a rate of 10 pounds per acre. 
2 Based on gamma isomer content. 
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mortality level from 20 to 90 per cent, 
inclusive, at intervals of 10 per cent, for 
combi..ed action. The ratio of effectiveness 
was then determined for each insecticide 
at each of these calculated mortality levels 
by giving the least effective one generally 
throughout the range a numerical rating 
of 1 and comparing the others with this. 
At the LD-50 level, for example, dieldrin 
is 18 times more effective than compound 
CS-674A, but at the LD-90 level it is 46 
times more effective. Moreover, at the 
LD-40 level dieldrin and technical ben- 
zene hexachloride (based on gamma con- 
tent) are equal, but at the LD-90 level 
dieldrin is 1.6 times more effective than 
technical benzene hexachloride. The cal- 
culated dosages for the various LD-levels 
indicated and the numerical ratio of ef- 
fectiveness of each insecticide at each 
LD-level are shown in table 7. 

Discussion oF Resutts.—-Of the eight 
insecticides tested against the boll weevil, 
only four demonstrated marked fumi- 
gating action, and three of these were the 
only ones to demonstrate marked contact 
action. Were it not for the fact that 
chlordane failed to show marked contact 
effect, it might be concluded that contact 
action was positively correlated with 
fumigating action; however, with chlor- 
dane the relationship is inverse. Aldrin, 
dieldrin, and technical benzene hexa- 
chloride are highly toxie to the boll 
weevil by both fumigating and contact 
action. Chlordane gave less contact action 
than any of the other seven insecticides 
tested, although its fumigating action was 
relatively high. 

In the plant fumigation tests, aldrin 
and chlordane were the only insecticides 
to show effect closely approaching the 50 
per cent mortality level at the concen- 
trations tested, but all the materials 
tested, with the exception of CS-645A, 
showed a significant degree of toxic action 
due to plant fumigation. The action re- 
sulting from plant fumigation with DDT, 
toxaphene, and CS-674A was much more 
pronounced than that from direct fumi- 
gation. Therefore, the fumes or vapors 
given off by these insecticides are either 
absorbed by the plant or condensed on the 
plant surfaces, and contribute to the total 
insecticidal effect produced in a manner 
different from that caused by direct 
fumigation. 

Of the treatments tested showing 


marked contact action, dieldrin was out- 
standing. Many of the materials tested for 
contact action showed a high knockdown 
rate with varying degrees of recovery. 
This was especially true of toxaphene and 
benzene hexachloride. The rate of knock- 
down for dieldrin was considerably slower 
than for some of the other treatments, but 
recovery from knockdown was practically 
nil. Aldrin and benzene hexachloride were 
the only other insecticides to cause high 
mortalities due to contact action. DDT 
caused a higher mortality due to contact 
action than toxaphene. 

While no tests were conducted to de- 
termine independent stomach action, ow- 
ing to lack of suitable technique, such 
action can be deduced from studying the 
results of tests designed to determine 
fumigating, contact, and total action. It 
is apparent from these tests that toxa- 
phene and compound CS-645A kill boll 
weevils mainly by stomach action. Chlor- 
dane likewise must kill largely by stomach 
action, since practically no mortality 
resulted from contact action and it ap- 
pears unlikely that sufficiently high con- 
centrations of its vapors would occur 
under field conditions to effect a high 
mortality due to fumigation. It is obvious 
that stomach action contributes greatly 
to total effect produced by each insecti- 
cide, dieldrin being the only one to show 
effect independent of stomach action that 
might approach practical control. 

The principal isomers of benzene hexa- 
chloride reacted quite differently for the 
different types of action. This explains 
partially why technical benzene hexa- 
chloride is generally more effective than 
any of its isomers. 

In direct fumigation the gamma isomer 
was considerably more effective than any 
of the other isomers at low concentra- 
tions, but as the concentrations increased 
the per cent mortality increased very 
slowly. On the other hand, the alpha, beta, 
and delta isomers were relatively in- 
effective at low concentrations, but their 
effectiveness increased rather rapidly as 
the concentrations increased. At the 
LD-50 level the alpha isomer was only 
slightly less effective than the gamma 
isomer, whereas at the LD-70 level both 
the alpha and delta isomers were better 
than the gamma isomer. The beta was the 
least effective throughout most of the 
range, but at the highest concentration 
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tested it was slightly better than the 
gamma. isomer. 

In plant fumigation the gamma and 
beta isomers were virtually ineffective. 
The delta isomer contributed considerably 
more to total toxic effect than any of the 
other isomers, but the alpha isomer also 
contributed significantly. 

The contact action caused by benzene 
hexachloride can be attributed largely to 
the gamma isomer. The alpha and deita 
isomers, individually, contribute very 
little to this action, although their com- 
bined contributions are significant. The 
beta isomer contributes less to contact 
action, as well as to fumigating action, 
than any of the other principal isomers, 
and may be said to be the least effective 
of the principal isomers of benzene hexa- 
chloride. 

SuMMARY.—Laboratory — experiments 
were conducted at College Station, Texas, 
during 1949 to determine the specific 
components of insecticidal activity of the 
following insecticides and the four princi- 
pal isomers of benzene hexachloride 
against the boll weevil, Anthonomus 
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grandis Boh.: (1) technical benzene hexa- 
chloride, (2) aldrin, (3) dieldrin, (4) toxa- 
phene, (5) chlordane, (6) 1,1-bis (p-chloro- 
phenyl) 2-nitropropane, (7) 1,1-bis(p- 
chlorophenyl)2-nitrobutane, and = (8) 
DDT. The components of insecticidal 
activity determined were direct fumigat- 
ing action, indirect fumigating action re- 
sulting from plant fumigation, contact ac- 
tion, and combined action. Direct fumi- 
gating action was demonstrated to a 
marked degree for benzene hexachloride, 
chlordane, aldrin, and dieldrin. Indirect 
fumigating action, that resulting wholly 
from plant fumigation, was demonstrated 
for all primary insecticides tested, except 
CS-645A, and for the delta and alpha iso- 
mers of benzene hexachloride. Significant 
contact action was demonstrated for 
aldrin, dieldrin and benzene hexachloride, 
that for benzene hexachloride being 
largely attributable to the gamma isomer. 
Toxaphene, chlordane, and compound 
CS-645A kill largely by stomach action. 
Stomach action contributes greatly to 
total effect from all eight primary in- 
secticides tested. 
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Dr. Boyce To Visir THE ORIENT 


Dr. A. M. Boyce, president of the Association dur- 
ing the year 1949, sailed from San Francisco on Janu- 
ary 6, 1951, to visit a number of localities in the Far 
East primarily in search of parasites of the Olive 
scale, Parlatoria oleae. He will also make extensive 
studies of citrus entomological problems in general 
as may be possible in the time at his disposal. Dr. 
Boyce states that his search will take him to Ceylon, 
by way of Yokohama, Kobe, Hong Kong, the Philip- 
pines, Singapore and the Malay States. He will also 
visit or pass through large parts of India and Pakis- 
tan as well as Iran, Iraq, Saudi Arabia and other 


countries in the Middle East. He plans also to visit 
South Africa for a survey of citrus problems in that 
area and then to return to Egypt for a survey of cit- 
rus problems in the Mediterranean area. 

Dr. Boyce hopes to reach England, on his way 
home, about the middle of December. 

Preparations for this extensive trip made it im- 
possible for Dr. Boyce to attend the Denver meet- 
ings. Perhaps he can time his trip home in a way 
which will permit him to attend the Cincinnati meet- 
ings and present a travelogue of what we hope will 
prove to be a pleasant and profitable year’s journey. 














Comparisons of Insecticides for Cabbage 
. Maggot Control! 


Paus M. Erpe? and Loyp L. Strrr*4 


The cabbage maggot, Hylemya bras- 
sicae (Bouche) is always a serious pest 
of plants of the cabbage family. In west- 
ern Washington, attacks of this insect 
are particularly severe, probably due to 
the mild winters and cool, moist summers. 

The cole crops grown in this region 
vary considerably. In the Puyallup Val- 
ley, the principal crops are cauliflower 
and broccoli grown for market or proc- 
essing; in the Skagit Valley around 
Mount Vernon, cole crops are grown 
principally for seed. Cabbage is most af- 
fected by the cabbage maggot. 

Broccoli and cauliflower being grown 
during the summer months are almost 
certain to be subject to heavy maggot 
attacks, and growers are willing to under- 
take expensive and troublesome control 
measures. Cabbage grown for seed is 
planted in August and September, and 
attacks are dependent a great deal on the 
weather. If fall rains are early, little 
trouble is usually experienced; while if 
the weather continues warm, whole fields 
are sometimes wiped out. The studies in 
Puyallup were made to compare the ef- 
fects of various treatments on the differ- 
ent crops, while in the Skagit region ef- 
forts were directed toward finding a sim- 
ple and inexpensive control method for 
the short period necessary for protecting 
the cabbage grown for seed. 

INVESTIGATIONS AT PuyaLLup.—Field 
tests were conducted during 1948 and 
1949 to determine the effectiveness of dif- 
ferent insecticides in the control of the 
cabbage maggot on Italian green sprout- 
ing broccoli and cauliflower, which have 
become important crops in the frozen 
food processing industry. Randomized 
block arrangements were used in all test 
plots, which were replicated 4, 5, or 6 
times, as indicated in the tables. Various 
materials were applied as dusts at the 
base of the plants, in liquid form as a 
drench after or during the planting 
operation, as dusts on the roots and stems 
prior to transplanting, by dipping the 
plants in a concentrated emulsion prior 
to transplanting, or by treating the soil 
prior to planting seed. 

Dusts were usually applied with a bel- 


lows-type duster, although a salt shaker 
was used in one test. Drenches were ap- 
plied at the rate of 4 fluid oz. or 1 cup 
per plant. Dusts were applied to the roots 
by placing the plants in a paper sack 
with the material and shaking vigorously. 
In the case of soil treatments, the insecti- 
cides were dusted over measured areas 
and raked into the top one-eighth inch of 
soil. Data were usually taken by examin- 
ing each plant for maggots and pupae 
and recording the number found in two 
minutes. The stem, roots, and soil re- 
tained on the root system in a 10-inch 
area about 5 to 6 inches deep were exam- 
ined. In table 4, counts were made of in- 
fested or uninfested plants only. 

One trial was duplicated in both areas. 
The plants used in this test were grown 
in Puyallup and transplanted in both 
places on the same date, using the same 
concentration of the insecticides. The 
conditions differed in the type of soil and 
degree of infestation. In addition, a 
sprinkler system was used in Puyallup 
but not in Mount Vernon, which gave a 
greater survival of plants in the former 
place. 

Discussion.—The numerical data 
showing the results of these tests are 
presented in the tables 1-6. In general, 
excellent control was obtained with ben- 
zene hexachloride, chlordane, aldrin, and 
dieldrin. Where used in comparable tests, 
materials formulated from technical ben- 
zene hexachloride (BHC) gave consist- 
ently better results than those formulated 
from the high gamma isomer concentrate 
(lindane). 

Five per cent chlordane dust gave 
slightly better control than 1 per cent 
BHC dust in several tests. It was also 
more effective when used as a drench 
around the roots than when used as a dust. 

Parathion gave fair control when used 
as a dust and as a soil treatment, and 


1 Scientific Paper No. 954, Washington Agricultural Experi- 
ment Stations, Institute of Agricultural Sciences, State College 
of Washington, Pullman. 

2 Assistant Entomologist, Northwestern Washington Experi- 
ment Station, Mount Vernon. 

3 Assistant Entomologist, Western Washington Experiment 
Station, Puyallup. 

4 Grateful acknowledgement is made to James Evanson, 
Tsi-ping Yu, and Stanley Cole for their assistance in carrying 
out these studies. 
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Table 1.—Cabbage maggot control on field-planted broccoli treated with different insecticides. 


Puyallup, Washington—1948. 








Totat NUMBER 


Amount | ———-—_—_—__———- 
UsrED PER Maggots Per CENT 
INSECTICIDES UsED ACRE Plants and Pupae RepuctIion 
Test 1—Dusts—4 Replicates 
BHC—1% gamma! 28.8 lbs. 142 198 78.7 
Chlordane—5% 28.8 lbs. 144 210 77.7 
Lindane—1% gamma? 25.9 Ibs. 141 312 66.2 
Untreated — 142 929 - 
Test 2—Dusts—4 Replicates 
Methoxychlor—5% 27.2 lbs. 97 853 0.1 
Ditoly] trichloroethane—5% 27.2 lbs. 98 948 0.0 
Calomel gypsum—3.39% Mercury 35.0 lbs. 94 840 0.0 
Liquids® 
Chlordane—72%, 1-800 1.94 qts.4 97 43 95.0 
Coal tar—BHC emulsion, 1-200 7.8 qts.! 97 846 0.9 
— 95 836 — 


Untreated Check 





Dusts formulated from technical benzene hexachloride. 
Dusts formulated from high gamma benzene hexach 
plied at rate of 1 cupful per plant. 

concentrates. 


1 BHC 
2 Lindane- 

3 Dilutions a 
* Amounts of 


loride . 


5 67 per cent tar acid oils, 5 per cent hexachlorohexane, and 18 per cent emulsifier and wetting agent. 


excellent results were observed when the 
wettable powder was used as a drench. 

Five per cent methoxychlor and 5 per 
cent ditolyl-trichloroethane dusts were 
very poor, but methoxychlor applied to 
the roots as a 50 per cent wettable pow- 
der gave excellent control. In this test, 
DDT gave similar results, which is in 
contrast to results obtained in Mount 
Vernon. In the joint trial the following 
year, when DDT was used as a drench, 
poor results were obtained at both places. 

Calomel, CS 645A, CS 674A, #3901, 
#3869, and coal tar-BHC emulsion gave 
very poor control in all tests. Coal tar- 


BHC emulsion and CS 645A also had a 
deleterious effect on the plants. 

In all tests, dieldrin and aldrin showed 
control superior to other compounds, 
dieldrin being especially good. 

In comparing methods of application, 
dipping proved less effective than drench- 
ing, although both gave good control. 
Plants dipped and planted 24 and 48 
hours later were afforded practically the 
same protection as those planted imme- 
diately. 

INVESTIGATIONS AT Mount VERNON.— 
Results given here are from small test 
plots of from 20 to 40 plants, replicated 


Table 2.—Insecticide treatments for control of cabbage maggot on broccoli. Puyallup, Washington— 


1949—5 replicates. 








UsED PER 


TotaL NUMBER 


AMOUNT = 
Maggots 


Per CENT 


INsEcticIDES UsEep ACRE Plants and Pupae ReEpuctTIon 
Dusts 
Aldrin-—2.5% 97.2 117 $ 98.7 
Dieldrin—2.5% 51.9 113 3 98.7 
Chlordane—5% 51.9 106 10 95.3 
BHC—1% gamma 77.8 113 14 93.8 
Parathion—1% 51.9 116 23 90.0 
Lindane—1% 51.9 118 37 84.: 
H. M.—204 51.9 100 167 16.0 
Liquids 
Chlordane emulsion—(1-800) 1.92 qts.3 119 3 98.6 
CS 645A emulsion—25% (1-400) 3.78 qts.3 120 220 7.8 
Untreated Checks 98 195 — 





1 13.6% basic copper arsenate, 2.0% DDT and 43.6% sulfur. 
2 2-Nitro,-1,1,-bis (p-chlorophenyl) propane, Commercial Solvents Corporation. 
* Amounts of concentrates. 
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Table 3.—Methods of treating broccoli plants for cabbage maggot control on broccoli, Puyallup, 














Washington—1949. 
AVERAGE 
TotaL NuMBER INFESTA- 
——— TION PER 
MarteriAts Usep AND TREATMENT METHODS Plants Maggots and Pupae PLANT 
Chlordane—72%, 1-800, 8 fluid oz. per plant at transplanting 45 0 0 0.0 
44%, 1-400, 8 fluid oz. per plant at transplanting 43 0 1 0.02 
Chlordane—72%, 1-800, 4 fluid oz. per plant at transplating 45 0 2 0.04 
44%, 1-400, 4 fluid oz. per plant at transplanting 47 0 Q 0.04 
Chlordane—72%, 1-100, dipped 48 hrs. before planting 39 31 6 0.95 
44%, 1-50, dipped 48 hrs. before planting 45 30 11 0.91 
Chlordane—72%, 1-100, roots and stems dipped 10) 18 18 0.90 
44%, 1-50, roots and stems dipped 45 38 15 1.18 
Chlordane—72%, 1-100, dipped 24 hrs. before planting 45 43 17 1.33 
44%, 1-50, dipped 24 hrs. before planting 45 97 26 2.73 
Check treatment, roots and stems dipped in water 40 114 172 7.15 
Check treatment, 4 fluid oz. water applied at transplanting 22 47 48 4.32 
Check treatment, 8 fluid oz. water applied at transplanting 17 72 67 8.18 





four times in randomized block arrange- 
ments. All were hand-planted in such a 
manner as to simulate the action of the 
type of planters used in this area. These 
planters carry a tank containing water to 
which 1 quart of phosphoric acid per 50 
gallons is added as a “‘starter” solution. 
The machine opens a narrow trench, and 
at intervals a mechanical device ejects 
a measured amount (about 5 oz.) of this 
solution. An operator riding on the rear 
places a plant in the trench at this spot 
and the machine covers it. Following a 
lead from earlier tests, insecticides were 
added to this solution. Single treatments 
were made at planting time. Tests in 


1948 were made on broccoli plants for 
the most part, because the plants were 
more readily available. Cauliflower was 
used in one test which was carried out in 
both areas simultaneously. 

Two other methods of application were 
also tried. In one, the roots were dusted 
heavily prior to planting. In the other, 
the roots and stems were dipped in fairly 
concentrated emulsions of the various 
materials. The plants received no further 


insecticidal treatment after they were 
once in the ground. 
Trials were initiated in early June 


when maggot attacks were a certainty. 
Examinations were made six weeks to 


Table 4.—Cabbage maggot infestation on broccoli plants grown in soil treated with different insec- 


ticides. Puyallup, Washington—1949. 








TRE ATMENTS UsEp AND APPLICATION RATES 


; Die adel, 2. 5%, 500 Ibs. per acre 

Aldrin, 2.5%, 500 lbs. per acre 
Chlordane, 5%, 500 lbs. per acre 

. BHC, 1% gamma, 250 lbs. per acre 

. Parathion, 1%, 500 lbs. per acre 

. Lindane, 1%, 250 lbs. per acre 

Amer. Cy. #3901,! 2.5%, 500 lbs. per acre 
. Amer. Cy. #3869,? 2.5%, 500 lbs. per acre 
CS 645A,' 2.5%, 500 lbs. per acre 

10. Untreated Check 


CMH eC Wee 


NUMBER or PLANTS 


Without Per CENT 
With Maggots Maggots INFESTATION 

3 197 1 5 
7 193 3.5 

14 173 7.49 
67 133 33.5 
85 115 42.5 

106 90 54.08 

161 42 79.31 
176 24 88.0 
183 17 91.5 
189 11 94.5 





1 S-carbamy] methy] 0,0-dimethy] dithio phoubate, 
2 S-mercapto acetyl urea 0,0- dimethy] dit 


American Cyanamid Co. 
10 phosphate, American Cyanamid Co. 


3 2-nitro,-1,1-bis (p- -chloropheny 1) propane, Commercial Solvents Corporation. 
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Table 5.—Investigation of insecticides for maggot control on cauliflower. Puyallup, Washington— 








1948. 








Totrat NUMBER 








Amount OF MATERIAL Maggots and Per CEent 

InsecticipEs UsEp Usep Plants Pupae REDUCTION 
DDT—wettable—50%' 50 19 93.96 
Methoxychlor wettable—50%' 47 21 92.85 
Lindane—1% 7.2 grams per 10 plants 49 113 63.28 
Chlordane—5% 7.2 grams per 10 plants 49 123 60.10 
Calomel gypsum—(3.39% 

mercury ) 7.2 grams per 10 plants 19 124 59.78 
Untreated check ——— 49 308 — 





1 The 50% material was applied as a dust to the roots prior to transplanting. 


two months later; the method differed 
from that used at Puyallup in that all of 
the soil around the roots of each was 
carefully sifted and the maggots and pu- 
pae counted (except in the cauliflower 
test, table 8, which was duplicated in 
Puyallup). This method was very time- 
consuming. Yield data were difficult to 
interpret, since the plants were growing 
rapidly. Ten plants were examined from 
each plot. 

Discussion.—-Dipping Plants in Emul- 
sion.— The most promising method, tried, 
at least in the Mount Vernon tests, con- 
sisted in dipping the roots and stems of 
the plants in a more concentrated emul- 


sion (1 gallon to 50) of 40 to 50 per cent 
chlordane. This procedure gave excellent 
maggot control and caused no noticeable 
reduction in plant growth even when used 
at 2 gallons per 50 of water. At 1 and 2 
quarts per 50 gallons, only partial con- 
trol was achieved. Fair control was also 
obtained when the plants were dipped 
and kept 2 and 4 days before planting. 
They were dipped in water each day to 
keep them fresh. This method was used 
on about half of the cabbage planted for 
seed production in Skagit County in 1949, 
with generally satisfactory results, al- 
though some trouble was experienced by 
a few growers who hilled their plants 


Table 6.—Insecticide treatments for the control of cabbage maggot on cauliflower. Liquid applica- 
tion, 5 oz. per plant at transplanting. Puyallup and Mount Vernon, Washington—1949. 








TREATMENTS 


. Chlordane, 44% emul.! (H;PO,?/qt.)—50 gals. 
. Chlordane, 40% emul.' (H;PO,/qt.)—50 gals. 
. Parathion'—(HsPO,/qt.)—50 gals. 
. Aldrin, 25% emulsion—1 qt.—50 gals. 
. Dieldrin, 25% emulsion—1 qt.—50 gals. 
. Parathion 25% #.—1#—100 gals. 
. Chlordane, 72% emul.! (H;PO,4/qt.)—50 gals. 
. Chlordane, 44% emulsion—1 qt.—50 gals. 
9. Chlordane, 72% emulsion—1 pt.—50 gals. 
10. Chlordane, 40% emulsion—1 qt.—50 gals. 
11. Toxaphene!—(H;PO,/qt.)—50 gals. 
12. Calomel—(H;PO,/qt.)—50 gals. 
13. Toxaphene, 50% emulsion—1 qt.—50 gals. 
14. Amer. Cy. #3869 25% W.—1#—100 gals. 
15. DDT Paste 50%—24—100 gals. 
16. Amer. Cy. #3901 25% W.—1#4—100 gals. 
17. Untreated Check—water 
18. DDT Paste'—(H;PO,—qt.)—50 gals. 
19. Phosphoric Acid—1 qt.—50 gals. 
20. CS 674A’ 25% emulsion—1 qt.—50 gals. 


COD Ore OOO 


AVERAGE No. PER PLANT 





Maggots and Pupae 


Tora No. or PLANTs 
EXAMINED 


Mt. Vernon 


Mt. Vernon  Puyallyp Puyallup 
.00 .00 30 40 
.00 00 25 39 
.00 .00 33 40 
.00 .00 16 10 
.00 — 27 1 
.00 0.03 37 39 
0.03 0.025 32 40 
0.06 .00 30 40 
0.09 .00 31 33 
0.18 .00 36 36 
2.18 0.39 27 38 
3.07 0.18 40 39 
3.46 0.19 $2 36 
6.28 1.64 35 38 
6.18 3.18 27 39 
7.59 1.92 35 37 
9.30 1.63 32 40 
8.28 3.02 25 39 
9.36 2.46 25 37 

— — 0 0 





1 Amounts of insecticide used, the same as insecticide in treatments #3-8. 
? HsPO.—85 per cent. : : 
3 2-nitro-1,1-bis (p-chlorophenyl) butane, Commercial Solvents Corporation. 
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Table 7.—Tests against the cabbage maggot in transplanted cabbage. Rates of solutions indicated 
are for 50 gallons of water. Phosphoric acid at the rate of 1 quart to 50 gallons of water were used in 
all treatments but No. 2. Mount Vernon, Washington—1948. 








MAaGGots AND PUPAE ON 
10 PLANTS PER PLotT 
(40 PLants EXAMINED) 








Total Ave. per Per Cent 
MATERIALS AND DosaGEs 4 Plots Plant ConTROL 
BHC emulsion, 1 quart in starter solution without acid 0 0 100 
BHC emulsion, 1 pint in starter solution 0 0 100 
BHC emulsion, 1 quart in starter solution 10 0.25 99.8 
Chlordane emulsion, 50% cone. 1 pint in starter solution 34 0.85 95.0 
Chlordane emulsion, 50% conc. 1 quart in starter solution 38 0.95 94.3 
Toxaphene emulsion, 50% cone. 1 pint in starter solution 55 1.37 92.0 
Coal tar—BHC emulsion (5% BHC) 2 quarts in starter solution 54 1.35 91.9 
Toxaphene emulsion, 50% conc. 1 quart in starter solution 144 3.60 77.8 
DDT 50%, dusted on roots 245 6.12 63.9 
Check, no treatment 678 16.95 00.0 





above the area protected by the chlordane 
residue. 

Aldrin and dieldrin were also very ef- 
fective when used as dips and had ‘no 
injurious effect on plant growth. 

Besides being safe and generally ef- 
fective, dipping requires far less ma- 
terial and also adds a minimum of toxic 
residue to the soil. One seed contractor, 
who dipped most of the plants furnished 
to growers in 1949, estimated the cost to 
be between 40 to 50 cents per acre plus 
the labor of dipping, which was no more 
than in the old practice of dipping with a 
corrosive sublimate solution. 

Insecticides Added to Starter Solutions. 


—Benzene hexachloride added to the fer- 
tilizer or “‘starter” solution in any propor- 
tion, with or without the phosphoric acid, 
gave almost perfect control but was ex- 
tremely phytotoxic. The use of this ma- 
terial was discontinued in 1949. 
Chlordane emulsion used in this man- 
ner gave nearly as good control and, in 
the 1948 series of tests, had no injurious 
effects on the plants. In 1949, when the 
weather was warm and dry at planting 
time, the chlordane emulsion had a notice- 
able retarding effect on the plants, al- 
though not so severe as with benzene 
hexachloride. This method was used by a 
number of growers in 1948 and 1949, 


Table 8.—Tests against the cabbage maggot in transplanted broccoli. Rates of solutions indicated 
are for 50 gallons of water. Phosphoric acid at the rate of 1 quart to 50 gallons in all but No. 2.5 fluid 
oz. solution per plant. Mt. Vernon, Washington—1948. 














MaGGoTs AND PuPAE ON 
10 PLANTS PER PLoT 
(40 PLants ExaMINED) 








Total Ave. per Per CENT 
MATERIALS AND DosaGEs 4 Plots Plant CoNTROL 
Benzene hexachloride 10% gamma, 1 quart, in starter solution 0 0 100 
Benzene hexachloride 10% gamma, 1 quart, in starter solution 
without phosphoric acid 0 0 100 
Benzene hexachloride 10% gamma, 1 pint, in starter solution Q 05 99.5 
Chlordane emulsion, 50% concentrate, 1 gallon, roots & stems 
dipped 4 10 99.1 
Chlordane, 10% dusted on roots 26 65 94.0 
Coal tar—BHC emulsion, 5% BHC, 2 quarts in starter solution 31 By 92.9 
Chlordane emulsion, 50% concentrate, 1 pint, in starter solution 32 .80 92.6 
Toxaphene emulsion, 50% concentrate, 1 gallon, roots & stems 
dipped 42 1.05 90.3 
Chlordane emulsion, 50% concentrate, 1 quart, in starter solution 55 1.37 87.4 
Toxaphene emulsion, 50% concentrate, 1 quart, in starter solution 109 2.72 74.9 
Toxaphene emulsion, 50% concentrate, 1 pint, in starter solution 193 4.82 55.5 
DDT, 50% dusted on roots 294 7.35 $2.3 
Check, no treatment 434 10.85 0.0 
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Table 9.—Insecticide treatments for the control of cabbage maggot on cabbage. Phosphoric acid 
at 1 quart to 50 gallons in all treatments except 1 check, 5 oz. per plant. 10 plants per plot examined, 


4 plots. 








AVERAGE No. PER 


PLANT (40 PER 
——— PLANTS) Cent! 
TREATMENTS Maggots Pupae Tota  ConrTrROL 
Roots & Stems Dipped before Planting 
Dieldrin—25%—1 gal. to 50 gals. 0 0 0.00 100.00 
Chlordane—44%—1 gal. to 50 gals. 12 0 0.12 99.70 
Chlordane—47%—2 gal. to 50 gals. 15 0 0.15 99.63 
Chlordane—72%—2 qt. to 50 gals. 20 0 0.20 99.50 
Aldrin—45%—1 gal. to 50 gals. .20 0 0.20 99.50 
Chlordane—47%—1 gal. to 50 gals.—planted 4 days later 22 0 0.22 99.45 
Chlordane—47%—1 gal. to 50 gals. 40 0 0.40 99.00 
Chlordane—47%—2 qt. to 50 gals. 2.47 27 2.74 93.15 
Chlordane 47%—1 gal. to 50 gals.—planted 2 days later 2.97 0 2.97 90.09 
Chlordane—47%—1 qt. to 50 gals. 6.07 1.67 7.74 80.64 
Calomel—2 lbs. te 50 gals. 13.3 16.52 29.82 25.40 
Liquid Application, 5 fluid oz. per plant at Transplating 
Chlordane 47%—2 qt. to 50 gals. 0 0 0.00 100.00 
Chlordane 72%—1 pt. to 50 gals. 10 0 0.10 99.75 
Chlordane 44%—1 pt. to 50 gals. 10 0 0.10 99.75 
Chlordane 47%—8 oz. to 50 gals. 67 07 0.74 98.15 
Chlordane 47% —1 pt. to 50 gals. 1.25 0 1.25 96.98 
Calomel—1 lb. to 50 gals. 4.14 .97 6.1 87.22 
Coal tar—BHC emulsion, 5% BHC, 1 qt. to 50 gals. 12.56 80 12.86 78.73 
Roots & Stems Dusted Prior to Transplating 
Dieldrin—1% AT 0 0.47 98.83 
Chlordane—10% 3.75 .12 3.87 90.32 
Aldrin—1% 4.45 1.6 6.05 84.87 
Toxaphene—10% 13.0 §.5 18.50 53.38 
DDT, 50% wettable powder 17.25 8.57 25.82 35.41 
Check, water only 14.55 16.$ 31.45 21.32 
Parathion—1% 30.8 5.57 36.37 9.01 
Calomel—100% 23.9 16.4 39.00 2.43 
Check, 1 qt. H;PO, Acid to 5 gals. water 17.8 22.67 39.97 00.00 





1 Based on check with phosphoric acid. 


and no bad effects were reported. Chlor- 
dane in the “starter” solution is not rec- 
ommended for cabbage seed growers, 
however, since other methods proved 
equally effective without endangering the 
plants and also were cheaper. 

Toxaphene emulsion in the “starter” 
solution gave slightly inferior control and 
retarded plant growth in all the tests. 

Aldrin and dieldrin were used in this 
manner in one trial on cauliflower. The 
control with both was excellent, but the 
results are inconclusive as to the effect 
on the plants. In general, cauliflower 
seems to be more sensitive to certain in- 
secticides than cabbage and broccoli. 

Wettable parathion used in the 
“starter” solution gave complete protec- 
tion from maggot damage in one test over 
as long a period of time as the other com- 
pounds. It cannot be used with the type of 
planting machine popular here, however, 
because the hands of the operators are 
continually wet with the solution. Dusted 
on the roots prior to planting, however, it 


was decidedly less effective than aldrin, 
dieldrin, or chlordane. 

Applying Dusts to Transplants.—The 
third method of application consisted of 
dusting the roots and stems of plants 
with the toxicants prior to planting. 
Chlordane, toxaphene, DDT, parathion, 
calomel and aldrin and dieldrin were 
tested in this manner. The results were 
generally inferior when compared with 
the other two methods, but the data offer 
an interesting comparison of the relative 
toxicity to maggots of the materials used. 
Dieldrin appears to be the most toxic, 
with chlordane and aldrin next. The other 
materials showed very little control. 
DDT gave only mediocre control, regard- 
less of the method used. 

In the 1948 series, DDT, chlordane, 
and toxaphene, when dusted on the roots, 
caused a noticeable increase in_ plant 
growth. On examination, the DDT plots 
were found to have a considerable infesta- 
tion of maggots, however. This stimula- 
tion was not noticed in the 1949 tests, 
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when growth conditions were less favor- 
able. 

None of the materials used in these tests 
had any repellent effect on the adult 
flies. All plants had numerous eggs de- 
posited on the stems and in the soil at the 
base of the plants. Eggs were counted 
from only one plant (taken from one coal 
tar-BHC emulsion plot, table 4) which 
was typical of the entire planting. It had 
1138 eggs on or near it and many surely 
were missed. It is safe to say that every 
plant in the field had at least 1000 eggs. 

SumMARY.—In tests conducted at Puy- 
allup and Mount Vernon, Washington, 
chlordane, benzene hexachloride, lindane, 
aldrin, and dieldrin all gave good control 
of the cabbage maggot in broccoli, cauli- 
flower, and seed cabbage plantings. 
Parathion gave good control in some tests, 
but failed in others. Toxaphene was less 
effective and caused some stunting of 
plants. Ditolyl trichloroethane, methoxy- 


chlor, and DDT were very poor when used 
as 5 per cent dusts, but the latter two 
showed promise in one test when used at 
50 per cent strength. 
Several methods of application proved 
practical: 
(1) By dipping roots and stems in a concentrated 
emulsion prior to planting. 
(2) In liquid form as a drench during or after the 
planting operation. 
(3) As concentrated dusts on roots and stems 
before planting. 
) As a dilute dust about the base of plants, 
(5) By treating soil prior to planting. 


All materials were entirely safe when 
used as dusts. Benzene hexachloride emul- 
sion caused serious stunting when used 
as a drench. Chlordane emulsion also 
caused some trouble under some condi- 
tions, though not serious. The dipping 
method (1) was by far the cheapest, 
though not the most effective method of 
application. 


Life History of the Meadow Spittlebug in Ohio 


Dura D. Aumep! and Raupx H. Davipson, Ohio State University, Columbus 


Spittlebugs have been increasing in 
numbers during the past three or four 
years in Ohio and some of the neighbor- 
ing States. The work herein reported con- 
sists of a life history study of the meadow 
spittlebug, Philaenus  leucophthalmus 
(Linn.). 

The damage caused by these insects 
results from the excessive feeding and ex- 
tracting of plant sap in maintaining pro- 
tective spittle masses. As a result, stunt- 
ing of growth, shortening of internodes, 
rosetting, dwarfing, and general loss of 
vitality and low yields are some of the 
known effects. 

REVIEW OF PREVIOUS WoORK.—Ball 
(1892) stated that all species of spittlebugs, 
except one, pass the winter in the egg 
stage. Osborn (1916) made some life his- 
tory studies of grass-feeding spittlebugs in 
Maine, noting that “the eggs hatch late 
in May or early in June. . . that nymphs 
pass through several stages (3-4) before 
the adults emerge.’ Barber & Ellis (1922) 
confined adults of Philaenus lineatus, P. 
leucophthalmus and P. bilineata on the 
plant Setaria glauca, and succeeded in ob- 
taining and describing the eggs of these 
three species. Doering (1930) published a 


synopsis of the family Cercopidae in North 
America (the genus Philaenus included). 
And in the same year Cecil published his 
study on the alimentary canal of P. 
leucophthalmus. 

DescrRIPTION OF THE LIFE STaAGES.— 
The following are brief descriptions of the 
various life stages: 

The egg—About 0.75 mm. long, and 
0.35 mm. wide, elongated, tapering and 
slightly curved at one end; white at first, 
then turning light brown in color. 

First instar—Average length of pre- 
served specimens, 1.35 mm.; average 
width of head capsule across eyes, 0.35 
mm. Reddish brown in color, head and 
thorax darker than abdomen; eyes con- 
spicuous reddish brown. Legs yellowish, 
very long in proportion to body; tarsus 
bulbous, bearing two claws. Antennae nine 
segmented. Anterior of head rounded, 
vertex distinctly inflated. Prothorax 
longer than mesothorax; and the post- 
notum of the latter is concave where it 
joins the abdomen. No ocelli, and no trace 
of wing pads are present. Air canal along 
ventral sufrace of abdomen very distinct. 


1 Now in charge of The Division of Plant Protection, Agricul- 
tural Experiment Station, Baghdad, Iraq. 
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Second instar.—-Average length of body 
was 3.1 mm.; the average width of the 
head capsule across eyes, 0.67 mm.; other- 
wise, this instar is similar to the first. 
During the latter days of this instar the 
meso- and metathoracic tergites begin to 
taper caudally, but no distinct wing pads 
are present. 

Third instar.—Average length 4.1 mm.; 
average width of head capsule, 0.895 mm. 
At first, yellowish in color then gradually 
turning greenish. The wing pads in this 
instar appear in the form of lobes as 
caudal extensions of the lateral angles of 
the thoracic tergites—the first pair being 
more prominent than the second. The 
mesothorax is almost equal in length to 
the prothorax, and about twice the length 
of the metathorax. 

Fourth instar.—Average length, 5.66 
mm.; average width of the head capsule 
across the eyes 1.76 mm. Greenish in color 
at first, then gradually turning pale 
yellow; wing pads further developed, the 
first pair increasing in length, the second 
in width. During the latter days of this 
instar the air canal is no longer distinct. 

The adult-—About 6 mm. long, 2 mm. 
wide across the eyes, and 2.5 mm. across 
the abdomen. Costal margin of elytra 
convex, variously marked from a_ uni- 
formly straw yellow to dark brown with 
lighter markings. There is some confusion 
in the literature as to whether these color 
differences should be used as a basis for 
making varieties. The writers have col- 
lected in the field at least one copulating 
pair of bugs, one of which belongs to the 
variety P. lateralis, while its mate be- 
longed to the variety P. spumarius. This 
is reasonable evidenee, perhaps not de- 
cisive, but indicates that crossing goes on 
freely in the field among the so-called 
“varieties,” thus resulting in numerous 
color patterns. 

Lire History Srupies.—When this 
study was begun, late in the spring of 
1948, it was not definitely known how the 
insect overwintered, but it was thought 
to be in the egg stage, since nymphs were 
present at the time the studies were under- 
taken. By confining a number of adult 
bugs on potted alfalfa plants late in 
September 1948, it was discovered that 
eggs are laid in groups between sheaths 
and stems or in cracks on the stems or 
stubble of plants found in the field, not 
more than two or three inches from the 
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surface of the ground. Each mass con- 
tained from 2 to 17 eggs, and: they were 
usually embedded in white-semi-dry 
frothy material (Fig. 1). 

Early in the Spring of 1949, eggs that 
had overwintered in the field were brought 
into the greenhouse and placed close by 
potted alfalfa plants. As soon as hatching 
occurred, the nymphs were transferred 
onto separate plotted plants and from 
then on, examined twice daily for molted 
skins. Eighteen insects succeeded in 
reaching the adult stage, passing through 
four nymphal instars. 


Table 1.—Life history data showing lengths of 
various instars. 











ToTaL 
Days 
FROM 
Date or First Seconp Tuirp Fourtu EaoG 10 
Hatcuing Mout Mo.r Mo tr Mo.r ADULT 
4-12-49 4-27-49 5-3-49 5-9-49 5-20-49 38 
4-12 4-28 5-3 5-8 5-17 35 
4-13 4-24 4-30 5-5 5-15 82 
4-13 4-26 5-1 5-7 5-16 34 
4-13 4-24 5-4 5-8 5-18 34 
4-13 4-25 5-1 5-7 5-17 34 
4-13 4-24 5-4 5-11 5-19 36 
4-13 4-30 5-5 5-13 5-22 36 
4-15 4-26 5-5 5-11 5-23 38 
4-15 4-27 5-3 5-12 5-20 35 
4-18 5-1 5-6 5-11 5-22 34 
4-18 5-1 5-6 5-11 5-22 34 
4-22 5-7 5-13 5-18 5-27 33 
4-24 5-7 5-14 5-20 5-29 35 
4-25 5-8 5-14 5-20 5-29 34 
4-25 5-8 5-14 5-20 5-29 34 
4-26 5-8 5-13 5-19 5-29 33 
4-29 5-11 5-16 5-20 5-30 31 
Ave.in 12.7 6.3 5.8 9.7 34.4 
days 





From the above table it is apparent 
that the nymphal period under green- 
house conditions occupies an average 
period of 34.4 days, and each of the four 
instars has the following average lengths: 
first instar—12.7 days, second instar 
6.3 days, third instar—5.8 days, fourth 
instar—9.7 days. 

Temperature and relative humidity 
conditions in the greenhouse were not 
constant during the period these studies 
were made. The temperature was usually 
65°—70°F. during the night or on cloudy 
days, but on warm sunny days it some- 
times would rise to 90°—100°F. The rela- 
tive humidity also varied often reaching 
a high of 90% when temperatures were 
low and falling to 35 per cent when they 
were high (90°+F.) 

Low temperature greatly retards de- 
velopment of the nymphs. When 16 
fourth-instar nymphs were confined on an 
alfalfa plant in a cold storage room 








= a oe 


“ SF UN 











December 1950 Aumep & Davipson: Lire History or THE MEADOw SPITTLEBUG 907 


(40°F. and 68 per cent relative humidity), 
the majority of these remained in that in- 
star 35 to 40 days and one of them 45 days 
before it perished without molting. This 
means that the length of the fourth instar 
under low temperature conditions was ex- 
tended from 3 to 4 times its length under 
normal conditions. 

SEASONAL History AND Hasits IN 
THE Freup.—-The species overwinters as 
eggs in the stubbles of the various plants 
found in hay fields. Hatching, in the 
Columbus, Ohio area, begins about April 
10. The first instar lasts about 18 days, 
the second 7, the third 8, and the fourth 
about 12 days. This adds up to a total of 
about 45 days for the life cycle from egg 
to adult. The first adults appear in the 
field about May 24, remain all summer, 
and begin to die off when cold weather 
comes in the autumn months. Egg laying 
begins late in August or early in Septem- 
ber. 

Habits of the nymphs.—Members of this 
species spend their immature life within 
‘spittle masses.”” One or more nymphs, 
of the same or different instars, may be 
found within a single large mass of spittle. 
Succulent plants and tender growths are 
favored by these insects, which is, un- 
doubtedly, due to the abundance and ease 
of extracting plant sap. This same factor 
seems to determine the feeding points on 
any one plant. On dandelion, for instance, 
most feeding occurs in the rosette; while 
on alfalfa and clover, in the growing tips. 
Lack of moisture seems to prevent devel- 
opment, particularly in the younger in- 
stars, which depend largely on tender, 
rapidly growing shoots as a food supply, 
and will not survive on plants with low 
sap content. When disturbed, the nymph 
moves briskly and rapidly, but it is in- 
capable of jumping. All molting, including 
the last and the emergence of the adult, 
occurs within the spittle mass. 

Froth making.—Stated simply, the proc- 
ess of froth formation is as follows: (1) 
from the anal opening, the nymph ex- 
cretes droplets of clear fluid, (2) the termi- 
nal flap-like structure is then extended 
beyond the liquid, catching an air-bubble 
and sending it down through the “air 
canal,” and (3) the process is repeated 
many times until the liquid becomes 
foamy and spittle-like. 

The “air canal’’ was first described by 
Sule (1900) as a channel along the ventral 


surface of the abdomen formed by the 
tergal pads or plates of segments III to 
IX. At the middle of the third segment it 
becomes Y-shaped, dividing into two 
smaller channels, which continue to the 
left and right until the hind margins of the 
thorax were reached. Sule attributed the 
bubbles to the work of not only the last 
plates, but to all nine pairs which come 
together to form the air canal. 

Nymphs can make spittle only when 
feeding on tender, rooted plants, and are 
unable to do so if the sap supply of the 
plants is cut off. It usually takes only a 
few minutes from the time feeding com- 
mences until the first droplets appear at 
the anus. Thus is seems that there is a 
direct relationship between feeding and 
excretion of the liquid. The source of 
spittle has been attributed by various 
writers to salivary glands, Malpighian 
tubes, Batelli glands or to special spittle 
glands with openings on the eighth and 
ninth segments. However, Cecil (1930) 
working on the alimentary canal of 
Philaenus leucophthalmus (L.) found nei- 
ther Batelli glands nor special spittle 
glands in this species; and that salivary 





Fic. 1.—An egg mass of Philaenus leucophthalmus 
(uncovered). 


gland secretions were carried by ducts to 
the mouth. He also found that the Malpigh- 
ian tubes have very thin walls composed 
of small cells; therefore, he concluded, 
that this structure was not compatible 
with the fact that these insects can secrete 
a large quantity of fluid in a short time. 
The fact that none of the above structures 
were found capable of secreting the spittle, 
and the fact that these nymphs can make 
it within a short time after feeding on 
tender plants (and at no other time) in- 
dicates that the spittle formed is the nor- 
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mal excretion from the alimentary canal, 
which would contain secretions and ex- 
cretions from the different cells and glands 
throughout the alimentary tract. 

Composition of the spittle-—Gruner 
(1900)! found the spittle to consist of 
94.565 per cent water, 3.827 per cent 
organic substance, and 1.607 per cent in- 
organic salts. Furthermore, the spittle 
appears to contain all the substances ex- 
creted from the anus, such as calcium 
oxalate, uric acid, leucine pellets, water, 
potassium and sodium chlorides. 

Habits of the adults.—Spittlebug adults 
are usually sluggish insects, capable of 
leaping, and when disturbed, often flying 
short distances of not more than two or 
three feet. At other times they sit on 
plants for long periods with their beak 
inserted into a stem sucking sap. The 
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population of these insects in the field 
fluctuates with the cuttings of forage 
crops. Whenever the crop is cut in one 
field they migrate into adjacent areas 
causing a noticeable increase in numbers. 
Therefore, it is very difficult to make esti- 
mates of population density by sampling 
throughout the season. 

It is difficult to keep spittlebug adults 
in confinement for any length of time. 
Even when caged on food plants the bugs 
usually died in less than two weeks; hence, 
it was impossible to determine their 
longevity, or the actual number of eggs 
deposited by a single female. However, in 
the field, the bugs are present throughout 
the summer and autumn and die with the 
coming of cold weather. 


1 Inaugural Dissertation, Berlin 1901. 
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Control of Onion Thrips 


with Low Volume Sprays 


HERMAN S. Mayevux and GreorGe P. WENE! 


Good control of onion thrips for a 96 
hour period was obtained by Chapman 
et al. (1945) with 5 and 10 per cent DDT 
dusts. Wene (1948) concluded that a dust 
containing 0.5 per cent gamma benzene 
hexachloride and 2.5 per cent DDT was 
more effective in controlling onion thrips 
than either a 1 per cent gamma benzene 
hexachloride or a 5 per cent DDT dust. 
The work of Lange (1946) indicated that 
more than one application of a DDT 
dust was required to control onion thrips 
effectively. Ashdown & Watkins (1948) 
obtained good control of onion thrips 
with a 5 per cent DDT dust, and they 
recommended a total of 6 applications, 
starting when the thrip population aver- 
aged 6 per plant. Wilcox & Howland 
(1948) working with a 10 per cent DDT 
dust found that most of the thrips injury 


occurred during the first 6 weeks of the 
onion’s growth even though the thrips 
population was low. Their data showed 
that treatments initiated when onions 
were 10 inches in height were more effec- 
tive than those delayed treatments started 
when the plants had reached a height of 
16 inches. Borden (1946) and Wilcox e¢ al. 
(1949) concluded that DDT applied as a 
high volume spray was very effective as 
a control for onion thrips. Douglass & 
Shirck (1949), using a high volume 
sprayer, obtained promising control of 
onion thrips with benzene hexachloride, 
toxaphene and a mixture of DDT and 
hexaethy] tetraphosphate. 

The most adverse factor in the produc- 


1 Respectively, Associate County Agent—Entomology, Lower 
Rio Grande Valley and Entomologist, Texas Agricultural Ex- 
periment Station, Weslaco, Texas. 
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tion of onions in the Lower Rio Grande 
Valley of Texas is the difficulty involved 
in the control of onion thrips, Thrips 
tabaci Lind. Profitable onion production 
is usually impossible without a fair de- 
gree of thrips control. Dust mixtures of 
DDT, benzene hexachloride, and sulphur 
have been the most commonly used in- 
secticides for this purpose since 1947. 
Thrips control with dusts have been 
greatly hampered by the high winds that 
blow annually during the thrips season. 
In this area high volume sprays are sel- 
dom used because of the high initial cost 
and the scarcity of water. 

This paper describes a series of experi- 
ments and practical demonstrations con- 
ducted for the purpose of evaluating and 
demonstrating the use of low volume 
sprays as a method of controlling onion 
thrips. 

EXPERIMENTAL ProcepurREs.—The 
plots extended the full length of the field. 
The ground treatments were applied by 
the farmer with his equipment but with 
supervision. The airplane dusting and 
spraying was done by commercial spray- 
ers and dusters as directed. 

Efficiency of the various treatments 
was determined by counting the number 
of thrips on the basal three inches of 25 
onion plants before and after treatment 
applications. In those experiments where 
the treatments were applied to large single 
blocks, such as airplane dusted or sprayed 
plots, data were usually taken from five 
areas within the block. 

Experiment 1.—The purpose of this 
experiment was to compare the recom- 
mended dust with a low volume spray for 
thrips control on onions. The dust, con- 
taining 1 per cent gamma benzene hexa- 
chloride, 5 per cent DDT and 70 per cent 
sulphur, was applied with an ordinary 6 
row duster at the rate of 20 pounds per 
acre. The emulsifiable concentrate con- 
tained a 2 to 1 mixture of toxaphene and 
DDT. A low volume sprayer applied this 
material at the rate of 1 pint (0.5 pound 
toxaphene and 0.25 pound DDT), in 5 
gallons of water, per acre. Three repli- 
cates of the spray and dust treatments 
were arranged alternately with an un- 
treated plot located at one side. Each plot 
was approximately 2.5 acres in size. 

The data in table 1 show the date of 
treatment applications. The low volume 
spray was applied as planned. Because 
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of continuous high winds the second dust 
application was omitted. The winds also 
interfered with the schedule of the re- 
maining dust applications. The data in 
table 1 show that both the dust and low 
volume spray were effective in controlling 
onion thrips. The low volume spray was 
applied in winds which prohibited dust- 
ing and it still gave effective thrips con- 
trol. 

Experiment 2.—In this experiment the 
effectiveness of a low volume sprayer was 
compared with that of a high volume 
sprayer as a method of controlling onion 
thrips. The low volume spray applied a 
mixture of 0.5 pound toxaphene and 0.25 
pound DDT in eight gallons of water to 
the acre. The high volume spray contained 
3 pounds of 50 per cent wettable DDT per 
100 gallons of water and was applied at 
the rate of 100 gallons per acre. The 
plots were eight double-drill rows of on- 
ions in width and were separated by 
young citrus trees. Four replicates of the 
two spray treatments were alternated 
across the field with an untreated area on 
one side. The high volume treatments 
were applied on February 12, 25, and 
March 11, while the low volume treat- 
ments were applied on February 15 and 
March 11. 

Data taken during the experimental 
period show that the high volume sprayed 
plots averaged 7.0 thrips per plant; the 
low volume sprayed plots averaged 6.2 
thrips per plant; while the untreated 
plot averaged 23.9 thrips per plant. An 
interesting point shown in this experiment 
is that low volume spray was just as 
effective as the high volume spray even 
though less total toxicant was used. 

Experiment 3.—An application of 0.5 
pound toxaphene and 0.25 pound DDT 
in five gallons of water was applied to an 
acre of onions located in the center of a 50 
acre field. The treatment was purposely 
applied at a time when the wind was 
blowing at a rate exceeding 25 miles per 
hour. In addition to the wind a 2-inch 
rain fell within nine hours after the appli- 
cation. Nine days after the application 
the sprayed plot averaged 2 thrips per 
plant whereas an average of 14 thrips per 
plant was found in the untreated area. 
These data indicate that low volume 
sprays can give effective thrips control 
when applied in weather that is too windy 
for effective dust applications. 
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Table 1.—Comparison of a low volume spray and a dust for the control of onion thrips, data from 


fifty plants per plot. 


























Dates AVERAGE Trips PER PLANT 
Dust: 1% Spray: 8 oz. 
Of applications gamma BHC; ‘Toxaphene 
—_—-—___— —— —---------—--- Of infestation 5% DDT; and40z. DDT 
Spray Dust counts 70% sulphur per Acre Untreated 
Feb. Feb. Feb. 
18 19? 23 0.8 0.4 9 
25 : 
March March March 
7 9 + 3.1 1.2 77 
15 8.8 ce | 80 
22 13.5 10.6 56 
Seasonal Averages 6.5 4.8 55 





1 Wind prevented dusting on February 25. Rain prevented all applications from February 25 until March 9. 


2 Delayed because of wind. 


Experiment 4.—In this experiment a 
six-acre section of an onion field was 
sprayed with a low volume sprayer which 
applied 0.5 pound toxaphene and 0.25 
pound DDT as an emulsifiable concen- 
trate in 5 gallons of water per acre. An 
adjacent eight-acre section was airplane 
sprayed at the per acre rate of 0.75 pound 
of toxaphene and 0.38 pound of DDT 
in two gallons of water. A second applica- 
tion was made 7 days later. A 2-acre sec- 
tion was left as an untreated area. The 
data in table 2 show that both methods 
of application gave good control. How- 
ever, the data indicate that the ground 
sprayer was more efficient than the air- 
plane sprayer. 

Experiment 5.—In this experiment 
single blocks, 3 acres in size for ground 
equipment and 6 acres in size for air- 
plane equipment, were treated for the 
control of onion thrips throughout the 
season in the following manner: 1) low 
volume ground spray application of 0.5 


Table 2.—Comparison of low volume sprays 
applied by ground and airplane sprayers for the 
control of onion thrips. 








AVERAGE THRIPS PER PLANT 





Turies Count — 





(Days From ‘Tractor Airplane Un- 

APPLICATION) Sprayer! Sprayer? treated 
1 day before 51.5 56.8 90.5 
4 days after 4.3 8.0 45.7 
6 days after 5.6 6.7 44.8 
4 days after second* 0.2 8.2 38.4 





1 Applied 0.5 lb. toxaphene and 0.25 lb. DDT in 5 gallons of 
water per acre. 

2 Applied 0.75 lb. toxaphene and 0.38 lb. DDT in 2 gallons of 
water per acre, 

* Second application 7 days after the first application. 


pound of DDT (in 5 gallons of water) ap- 
plied at weekly intervals when thrips 
appeared; 2) a dust mixture of 1 per cent 
gamma benzene hexachloride and 5 per 
cent DDT dust applied with a ground 
duster at the rate of 20 pounds per 
acre at weekly intervals and commenc- 
ing when thrips appear; 3) low volume 
ground spray applications of 0.5 pound 
of DDT (in 5 gallons of water) at weekly 
intervals but starting when thrips in- 
jury became noticeable on the onion 
plants; 4) airplane dust application of 
a mixture of 1 per cent gamma benzene 
hexachloride applied at the rate of 30 
pounds per acre and_ starting when 
thrips first appear; 5) an airplane spray 
application of 0.5 pound of DDT (in 5 
gallons of water) per acre applied at ir- 
regularly timed intervals; and 6) untreated 
area for determining the fluctuation in 
the thrips population during the season. 


Table 3.—Comparison of various methods of 
application and procedures for the control of 
thrips on onions. 








AVERAGE THRIPS PER PLANT 























: Tractor Spray Trac- Aijir-  Air- 

Ux ——— tor lane plane 

Date TREATED’ Late’ Early Dust ust Spray 

Jan. 25 5.6 _ 0.6! 0.6! ) | 9 

29 9.1 6.5 1.2 0.8 3.8 1.5! 

Feb. 6 19.2 14.5 2.7 0.8! 0.7! 4.6 

14 15.9 7.8 1.0! 0.5! 0.9! 1.3! 

20 22.6 16.1 3.0 0.2! 0.1 5.6 

27 20.8 5.5% 1.8! 0.1! 0.3! 7.5 

Mar. 6 24.4 6.0 1.2 0.3 0.1! 3.7! 

14 13.3 0.6! 0.6! 0.3! Fe 4.3 

Seasonal 16.3 8.1 1.5 0.45 1.0 3.7 
Average 





1 Applications were made 2 or 3 days previously. 
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Table 4.—Comparison of various emulsifiable 
concentrates for the control of thrips on onions. 
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Table 6.—Comparison of various emulsifiable 
concentrates for the control of thrips on onions. 








AVERAGE THRIPS PER PLANT 


‘ToxicANt PER AcRE aT FotLowine Days AFTER 


AVERAGE THRIPS PER PLANT 
TOXICANT PER ACRE AT FoLtuow1nG Days AFTER 














(EMULSIFIABLE | —————-—_--_———_———_ 
CONCENTRATE) 1 6 9 
0.5 lb. DDT 0.8 1.0 2.7 
0.25 lb. BHC 1.3 1.1 3.2 
1.0 lb. toxaphene 1.2 0.4 2.1 
0.25 lb. DDT+0.13 0.4 0.6 1.9 
lb. BHC 
0.5 lb. toxaphene+ 0.7 0.6 1.9 
0.13 lb. BHC 
1.0 lb. toxaphene+ 1.0 0.6 1.8 
0.13 lb. BHC 
Untreated $.5 §.1 7.2 





The footnote in table 3 indicates that the 
particular plot had received its treatment 
application 2 or 3 days previously. 

The data in table 3 show that low vol- 
ume sprays and dusts gave equally good 
control whether applied by ground equip- 
ment or airplane. In the block where the 
thrips were allowed to build up to damag- 
ing proportions it is interesting to note 
that 2 low volume sprays, spaced a week 
apart, were required to bring the thrips 
under control. 

Yield records were taken from three 0.1 
acre sample areas in each treatment 
block. Only U.S. No. 1 onions were picked 
’ and sacked in 50 pound bags. Those treat- 
ments which gave good thrips control 
also gave the highest yields, which were 
about 42 bags per acre. These treatments 
were: early applications of low volume 
sprays applied by ground equipment ap- 
plied at weekly intervals; early applica- 
tions of the BHC-DDT dust mixture ap- 
plied at weekly intervals with a ground 
duster; and airplane applications of the 
BHC-DDT dust mixture applied at the 
same time that the ground duster applica- 
tions were applied. The untreated plot 
averaged only 27 bags per acre. The 


Table 5.—Comparison of various emulsifiable 
concentrates for the control of thrips on onions. 








AVERAGE THRIPS PER PLANT 


ToxICANT PER ACRE at FoLLow1nG Days AFTER 








(EMULSIFIABLE ————— 

CONCENTRATE) 2 6 15 
1.5 lb. Toxaphene 2.6 2.0 6.8 
1.0 lb. Chlordane 4.3 8.2 9.6 
0.5 lb. Heptachlor 1.9 1.6 8.6 
0.5 lb. Methoxychlor 3.4 2.5 6.9 
Untreated 7.4 6.8 13.2 





(EMULSIFIABLE 

CONCENTRATE) 2 6 15 
1.0 lb. Aldrin 1.8 i 6.9 
0.5 lb. Dieldrin 1% 0.9 4.1 
0.5 lb. DDT 1.6 1.8 5.1 
0.25 lb. YBHC 1.9 1.9 5.8 
Untreated 5.4 5.6 15.1 





block in which the applications of low 
volume sprays were started after thrips 
injury became evident yielded the same 
amount as the untreated block. The 
block receiving the airplane spray appli- 
cations at irregular intervals did not 
yield any more onions than the untreated. 
These dats show that low volume sprays 
are just as effective as the conventional 
BHC-DDT dust when the applications 
are started early and applied at weekly 
intervals. 

Insecticide Comparison Tests.—Three 
randomized experiments were conducted 
in order to compare the effectiveness of 
various insecticides when applied as a low 
volume spray. The mean temperature was 
approximately 70° F. which is, the usual 
mean temperature during the first half of 
the onion growing season. The onions 
were about 5 inches in height and the low 
populations as shown in tables 4, 5 and 6 
had already caused some injury to the 
onions. 

The sprays were applied with a tractor- 
mounted low volume sprayer which used 
five gallons of water per acre to apply the 
toxicant. The plots were one-half an acre 
in area. Each treatment was replicated 
three times. As shown by the data in the 
tables all spray treatments were highly 
effective when compared to the untreated 
plots. Gamma benzene hexachloride used 
at the rate of 0.25 pound per acre was 
slightly less effective than DDT used at 
the 0.5 pound rate. Dieldrin used at a 
0.5 pound rate was more effective than 1 
pound of aldrin. Heptachlor used at the 
rate of 0.5 pound per acre was very effec- 
tive. As shown in the data in table 4 com- 
binations of 0.13 pound of gamma ben- 
zene with 0.25 pound DDT or 0.5 pound 
of toxaphene were very effective. Chlor- 
dane and methoxychlor were not as effec- 
tive as some of the other insecticides used. 
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SumMAryY.—-The data show that low 
volume sprays applied by either ground or 
air equipment was just as effective as 
dusts in the control of onion thrips. Data 
also show effective thrips control when 
low volume sprays were applied during 
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windy weather with ground sprayers. 

Low volume sprays of DDT, toxaphene, 
heptachlor, aldrin, dieldrin, chlordane, 
methoxychlor and gamma benzene hexa- 
chloride gave effective control of onion 
thrips. 


LITERATURE CiTED 
Ashdown, Donald and Thomas C. Watkins. 1948. Field studies on the control of onion thrips in New 


York. Jour. Econ. Ent. 41(3): 378-82. 


Borden, A. D. 1946. Observations on the commercial control of onion thrips on onions. Cal. Expt. Sta. 


Circ, 365: 46-8. 


Chapman, A. J., L. C. Fife, and R. L. McGarr. 1945. DDT for the control of onion thrips. Jour. Econ. 


ENT. 38(5): 608-9. 


Douglass, J. R. and F. H. Shirck. 1949. Experiments for control of onion thrips. Jour. Econ. Env. 


42(1): 68-72. 


Lange, W. H., Jr. 1946. Tests with DDT and other mtaerials for the control of onion thrips on onions 
in the Salinas Valley. 1946. Calif. Agr. Expt. Sta. Circ. 365: 39-45. 
Wene, George P. 1948. Vegetable pest control problems. Proc. 3rd Ann. Lower Rio Grande Valley 


Citrus Veg. Inst.: 27-30. 


Wilcox, J., and A. F. Howland. 1948. DDT dust for control of onion thrips. Jour. Econ. Env. 41(5): 


694-700. 


Wilcox, J., A. F. Howland, Roy E. Campbell. 1949. Insecticides for the control of thrips on onions 
grown for seed in Southern California, Jour. Econ. Ent. 42(6): 920-7. 


Codling Moth Infestation in the Tops of Sprayed 
and of Unsprayed Apple Trees: 
Second Report! 


Cuar.es H. RicHarpson and F, Ropert Du Cuanors,? Ames, Iowa 


In a recent paper (Richardson & Du 
Chanois 1950), it was pointed out that 
the codling moth shows a preference for 
the tops of apple trees as a site for ovi- 
position; and that this habit of the insect 
in addition to faulty spray coverage and 
imperfect maintenance of active spray 
deposit in the tops, or both, accounts, in 
large measure, for the failure to control 
top infestations. These findings were 
based on information in the literature and 
on the results of experiments carried out 
in lowa during 1949. The present paper re- 
ports further information on this subject 
obtained in both sprayed and unsprayed 
trees during the 1950 season. 

The experiments were conducted in the 
same localities as those reported in the 
previous year. Only sprayed trees were 
examined at Mitchellville, Iowa. These 
trees were mostly of the Delicious, Gold- 
en Delicious, Jonathan, and Grimes 


Golden varieties; they received a calyx 
spray and 5 cover sprays in the period 
from May 22 until August 28. All sprays 
were made up on a 100 gallon basis. Lead 
arsenate at 3 pounds per 100 gallons was 
applied in the calyx and first cover sprays, 


DDT (50 per cent wettable powder) at 3 
pounds in the second, third, fourth, and 
fifth cover sprays, and parathion (15 per 
cent wettable powder) at 0.75 and 0.5 
pound in the third and fourth cover sprays 
respectively. Wettable sulfur was added to 
these sprays as fungicide in amounts vary- 
ing from 6 to 2.5 pounds as the season 
advanced. The sprays were applied with 
a power sprayer equipped with guns and 
a 15-foot tower. 

At Ames, Iowa, both sprayed and un- 
sprayed trees were available for study of 
top and lower peripheral infestations. 
Fifteen large unsprayed Norwell trees 
were chosen at random in a row of 40 
trees which received their last spray on 
August 12, 1949. A smaller number of 
young unsprayed Starking, Jonathan, and 
Secor trees which were budded in 1942 
were available in a randomized plot 
where several spray schedules were under 
investigation. 

Young sprayed trees in the randomized 
plot were also available for study of top 

1 Journal Paper No. j-1843 of the Iowa Agricultura] Experi- 
ment Station, Ames, Iowa. Project No. 1097. 


? The authors are indebted to Mr. Frank O. Smith for making 
the spray applications. 
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and bottom infestations. All trees except 
those in block 7 received a calyx spray of 
DDT (50 per cent wettable powder) at 3 
pounds per 100 gallons and 6 cover sprays 
of variable composition in the period 
from May 24 to August 18. Block 1 re- 
ceived 6 cover sprays of DDT at 3 pounds; 
block 2, 3 pounds of DDT in 4 cover 
sprays and a mixture containing 2 pounds 
of DDT (50 per cent wettable powder) 
and 2 pounds of TDE (50 per cent wet- 
table powder) in 2 cover sprays; block 3 
received the same amount of DDT in 2 
cover sprays and the DDT-TDE mixture 
in 4 cover sprays. Blocks 4 and 5 were 
sprayed like blocks 2 and 3 except that 
lead arsenate replaced TDE in the mix- 
ture. Block 6 received 3 pounds of DDT 
in 3 cover sprays and a mixture of 3 
pounds of DDT and 0.5 pound of 25 per 
cent wettable lindane in 3 cover sprays. 
Block 7 received a commercial mixture 
containing 7.5 per cent DDT, 30 per cent 
lead arsenate, and 11.4 per cent permate 
at 10 pounds per 100 gallons in all sprays. 
Parathion (15 per cent wettable powder) 
at 0.5 pound, ethyl-p-nitrophenylthiono- 
benzene phosphonate! at 0.5 pound, and 
di-(p-chlorophenyl) methylearbinol? at 
0.5 pound were added, as acaricides to 
the fifth and sixth cover sprays of 3 ran- 
domized groups of these trees; a fourth 
group received no acaricide. The sprays 
were applied from the ground with a 
power sprayer equipped with a single gun. 

Fruit in each sample was scored for 
codling moth blemishes, 7.e., number of 
apples with worms or stings per sample, 
usually in the extreme top branches and 
always in the lower parts (from the lowest 


Table 1.—Codling moth infestation in the tops 
trees. Iowa, 1950. 
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branches to a height of about 6 feet). 
Only the large unsprayed Norwell trees 
at Ames were sampled below the extreme 
tops, at the 15 to 18-foot level. Sampling 
for intensity of infestation (total blemishes 
per 100 apples) was not done in 1950 
because the experience of the previous 
year indicated that no particular advan- 
tage for the present investigation was to 
be gained from it. 

In the Mitchellville trees and in the 
Norwell trees at Ames, and in other trees 
whenever possible, a sample of 50 apples 
was scored for the presence of fruit 
blemished by the codling moth in the up- 
per and lower locations of each tree. The 
young sprayed trees at Ames yielded 
smaller samples, averaging 42 apples per 
tree from the tops and 43 apples per tree 
from the bottoms; correspondingly, the 
young unsprayed trees furnished the fol- 
lowing average samples per tree: top, 33 
apples; bottom, 32 apples. Unless fruit 
was present in both the top and bottom 
positions of a tree, samples were not 
scored. The scored fruit was not removed 
from the trees. 

The data obtained at Mitchellville on 
June 24, July 20, and August 11 and 12 
were taken from 3 different parts of a 
large section of orchard; the data taken 
on August 8 and 17 represent consecutive 
scores of fruit from the same trees in 
another part of this orchard. The results 
are summarized in table 1. 

Discussion.—The table shows that 
the proportion of blemished apples in the 
tops of sprayed trees of 17 feet average 


1 EPN-300, 27 per cent wettable powder. 
2 Dimite, 25 per cent emulsifiable. 


and lower parts of sprayed and unsprayed apple 








HEIGut oF _ 


PERCENTAGE OF BLEMISHED APPLES 





Trees ({ft.): Top Bottom 
TREAT- DATE OF No.or — a a ee —-- T/B 
LocaTION MENT EXAMINATION TREES Range Avg. Range Avg Range Avg Ratio 

Mitchellville, lowa Sprayed 6-24 15 10-21 17 2-48 22.5 0-8 3.7 6.0 
Sprayed 7-20 15 13-23 18 32-88 63.0 10-44 20.9 3.1 

Sprayed 8-1 &@ 9 15-20 17 4-30 16.4 0-12 3.3 4.9 

Sprayed 8-7 10 15-23 17 4-50 14.0 0-24 4.6 3.0 

Sprayed 8-17 10 15-23 17 4-32 13.6 0-18 3.6 3.8 

Ames, lowa Unsprayed 6-29 & 30 15 19-31 251 64-86 72.9 16-54 35.6 2.0 
Unsprayed 7-26 15 9-31 251 88-96 93.3 64-96 85.7 1.1 

Unsprayed 7-25 6 10-14 12 19-84 61.7 11-76 49.0 1.3 

Unsprayed 8-5 &7 7 10-14 12 14-76 51.9 0-66 39.2 1.3 

Unsprayed 8-15 & 16 6 10-14 12 11-76 51.8 0-58 36.3 1.4 

Unsprayed 8-25 6 10-14 12 37-84 71.0 27.83 51.2 1.4 

Sprayed 7-25 11 10-14 12 8-38 14.5 0-20 5.0 2.9 

Sprayed 8-5 &7 13 10-14 12 0-36 12.5 0-10 4.2 3.0 

Sprayed 8-15 & 16 13 10-14 12 6-25 14.2 0-12 4.9 2.9 

Sprayed 8-25 13 10-14 12 11-41 20.1 0-27 9.1 2.2 





1 Sampled at the 15 to 18 foot level. 
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height may be 3 to 6 times that in the 
lower positions; and that the proportion 
in the tops of 12-foot sprayed trees may 
be 2 to 3 times. These results confirm 
those reported for DDT-sprayed trees in 
1949. 

The data from the unsprayed trees 
offer several points of interest. Samples 
from the large Norwell trees at Ames 
revealed in late June twice the proportion 
of blemished fruit at the 15 to 18 foot 
level as at the lower level, a highly sig- 
nificant difference. Twenty-seven days 
later, the top to bottom ratio of infesta- 
tion in these trees had dropped to 1.1, 
owing largely to the increase (141 per 
cent) of the infestation in the lower parts 
of the trees. The X? test showed, however, 
that this difference was also highly sig- 
nificant (X°=23.1) for a probability of 
1 per cent. It is probable that a high top 
to bottom ratio of infestation was estab- 
lished in these trees early in the first brood 
period, and once established it extended 
well into the second brood period. These 
results, together with the information 
obtained in 1949, leave little doubt that 
the codling moth favors the upper parts 
of apple trees as a place for oviposition. 
Spraying alone, therefore, cannot account 
for the presence of higher infestations in 
the tops than in the lower locations. 

Although the data from the young un- 
sprayed trees in the Ames orchard were 
derived from a smaller number of teees 
with a smaller average drop size, neverthe- 
less, there was a tendency on all sampling 
dates for the top to bottom ratios of in- 
festation to exceed 1.0. The difference on 
any one sampling date was sometimes 
significant and sometimes not. Thus on 
July 25 the data gave X°=7.6; on August 
5 and 6, 6.5; on August 15 and 16, 9.7; 
and on August 25, 3.0. (For a significant 
difference at a probability of 1 per cent, 
X?>7.6). This information suggests that 
12 feet is the approximate height at which 
young unsprayed trees begin to show sig- 
nificant differences between the propor- 
tion of apples infested by the codling 
moth in the tops and lower parts. Fur- 
thermore, it suggests that the relative 
ease of controlling the codling moth in 
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young trees by spraying rests not alone 
on possibility of covering the trees thor- 
oughly and evenly with a deposit of in- 
secticide, but, in addition, on the more 
uniform distribution of the infestation 
over the young trees. 

When the data from the young un- 
sprayed and sprayed trees in the ran- 
domized plot at Ames are calculated to 
weighted average percentages of blem- 
ished fruit in the pooled samples from all 
dates of record, 58.1 and 43.8 per cent of 
blemished fruit was found in the tops and 
lower positions respectively of the un- 
sprayed trees and 15.3 and 5.8 per cent 
respectively in the tops and lower sides 
of the sprayed trees. Thus the reduction 
by spraying in the tops of these trees was 
about 74 per cent while it was about 87 
per cent in the lower parts. Again the dif- 
ficulty of control in the tops even of young 
apple trees is emphasized. 

Conc.usion.—-The codling moth favors 
the upper parts of sprayed as well as un- 
sprayed apple trees as sites for egg laying. 

SuMMARY.—In central Iowa (1950), 
apple trees 17 feet high sprayed accord- 
ing to a modified DDT schedule showed 
from 3 to 6 times greater proportion of 
fruit infested with the codling moth in 
the tops than in the lower parts. Young 
sprayed trees 12 feet high showed 2 to 3 
times as much infestation proportionally 
in the tops as in the lower parts. In a con- 
trolled experiment, spraying caused a 
greater reduction of codling moth infes- 
tation in the lower parts than in the tops 
of young trees. 

In late June, unsprayed trees 25 feet 
high showed twice the proportion of in- 
fested fruit near the tops as in the lower 
parts in late July, the top to bottom ratio 
of infestation in these trees had decreased 
to 1.1, still a significant difference. The 
reduction was due largely to the increased 
infestation in the lower parts. Young un- 
sprayed trees 12 feet in height tended to 
show higher top than lower peripheral 
infestations. Probably 12 feet is approxi- 
mately the height at which young un- 
sprayed trees begin to reveal significant 
differences between the percentage of in- 
festation in the top and bottom locations. 
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Synthesis of Chlorinated Aromatic Compounds 
Chemical Structure and Insecticidal Efficiency’ 


SmmonE Dormat, E. L. DELvaux, Université Catholique de Louvain, Belgium, and L. E. 
Ditts and D. E. H. Frear, The Pennsylvania State College, State College, Pa 


In many cases the addition of chlorine 
to an organic compound nas been found 
to confer or enhance its toxicity to insects. 
Perhaps by coincidence, most of the recent 
commercially important insecticides, such 
as DDT, benzene hexachloride, toxa- 
phene, aldrin, dieldrin and chlordane, 
contain high percentages of chlorine in 
the molecule. On the other hand, the pres- 
ence of one or more chlorine atoms in an 
organic molecule does not always assure 
toxicity. 

In order to determine whether or not 
any relationship exists between chemical 
structure—in particular the number and 
location of chlorine atoms—and insect 
toxicity, a series of 28 chlorinated aro- 
matic compounds were prepared and 
tested against several species of insects. 
The chemical work reported in this paper 
was done by the two senior authors at the 
Université Catholique of Louvain, Bel- 
gium. The preliminary biological tests 
were also made at Louvain, while the 
quantitative insecticidal tests were made 
at The Pennsylvania State College, where 
one of the authors (Dormal) worked on 
post-doctoral fellowship.” 

CuemicaL.—By successive treatments 
with chlorine, the following aromatic 
derivatives were prepared: 

Phenol derivatives: 
P11—2,4,6-Trichlorophenol 
P12—2,3,5,6-Tetrachlorophenol 
P5—2,3,4,5,6-Pentachlorophenol 
P10—2,4,4,6-Tetrachlorocyclohexadiene -2, 5-one 
P6—2,3,4,4,5,6- Hexachlorocyclohexadiene- 2, 5- 

one 
P5—Perchloro phenylene oxide 
AN3—2,4,6-Trichloroanisole 
AN4—2,3,5,6-Tetrachloroanisole 
AN5—2,3,4,5,6-Pentachloroanisole 
DN1—6-Chloro-2,4-dinitrophenol 
B3— 2,3,5-Trichloroquinone 
B4—2,3,5,6-Tetrachloroquinone 
P13—,4,6-Trichloro-3-nitrophenol 
AN6—2,4,6-Trichloro-3-nitroanisole 


Methylated benzene derivatives: 


T1—2,3,4,5,6-Pentachlorotoluene 

xo—!/2 +,6-Trichloro-m-xylene | 
\3,4,5-Trichloro-m-xy lene 
| Tetrachloro-o-xylene 

X3—; Tetrachloro-m-xylene ; mixture 
( Tetrachloro-p-xylene ) 


mixture 


(Trichloro-mesitylene | 
G2—{ Trichloro-hemimellitene }mixture 
| Trichloro-pseudocumene } 
CR6—2,3,4,4 , 5-Pentachloro-6-chloromethyl-2, 
5-cyclohexadiene-l-one 


Indene and coumarone derivatives: 


I1—1,2-Dichloroindene 
C1— {Trichlorocoumarone _ \ deletes 
| Tetrachlorocoumarone |” 


Naphthalene derivatives: 


N17—1,2,3,4,5-Pentachloronaphthalene 

N2—1,4,5,6,7,8-Hexachloro-tetrahydronaph- 
thalene 

N5—1,2,3,4-Tetrachloro-tetrahydronaphthal- 
ene 

N20—2-Oxo-1,1,3-Trichloronaphthalene 


Anthracene derivatives: 


A1l—1,2,9,10-Tetrachloro-9,10-dihydroanthra- 
cene 

A2—Hexachloroanthracene 
{1,2,9,10-Tetrachloro-9,10-dihy- } 
| dronaphthalene 

A3—; 
_9,10-Dichloro-9,10-dihydro- 

naphthalene } 


>mixture 


These compounds were purified by 
crystallization or distillation, but no at- 
tempt was made to separate the products 
designated as mixtures. 

BioLogicaL.—Each of the compounds 
synthesized was subjected to preliminary 
insecticidal tests in comparison to a tech- 
nical grade of DDT and benzene hexa- 
chloride containing 12 per cent gamma 
isomer. These tests served to separate the 
compounds into two groups, one having 
relatively low toxicity, the other high 
toxicity. 

1. Pomace fly, Drosophila melanogaster 
Meig. Fifty milligrams of each compound 
were dissolved in 10 mil. of acetone in a 
test tube, then 450 mgs. of pyrophyllite 
were added and the tube was thoroughly 
shaken. This suspension was then poured 
in the bottom half of a 10 cm. petri dish 
and evaporated to dryness before the top 
was replaced. Ten flies were placed in 

1 Authorized for publication on August 29, 1950, as Paper No. 
1619 in the Journal Series of the Pennsylvania Agricultura] Ex- 
periment Station. 

2 This work of the senior author was supported by a grant 
from the Belgian Institut pour |’encouragement de la Recherche 


en Industrie et Agriculture. 
Paip Paper. 
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each dish and the knockdown and toxicity 
determined in comparison with other 
dishes containing DDT or benzene hexa- 
chloride similarly prepared, and pyro- 
phyllite alone. 

The chlorinated derivatives of naph- 
thalene, anthracene, cresol, mono-, di-, 
and trimethylbenzene showed no toxicity, 
while chlorinated phenol, diene-one, ani- 
sole, indene and coumarone showed a high 
degree of toxicity but were generally in- 
ferior to DDT. A few of the materials 
were found to be more toxic than benzene 
hexachloride. 

Since the pomace fly is very easily 
killed the tests with this insect were used 
only in making rough preliminary evalua- 
tions of the compounds. 

2. Yellow mealworm, Tenebrio molitor 
L. Five mg. of each material was dis- 
solved in 10 ml. of acetone. The solution 
was poured in the bottom half of a petri 
dish, with an inside diameter of 9 cm., 
and evaporated to dryness before the top 
was replaced. This gave 0.078 mg. of the 
toxicant per cm.? Twenty-five larvae, ap- 
proximately 2 cm. long, were then placed 
in each dish and daily mortality counts 
made. Controls containing no toxicant 
and an equal amount of DDT or benzene 
hexachloride were included in the test. 

In figure 1 are shown the time-mortal- 
ity curves for those compounds which 
gave significant kills. Only one compound, 
1, 2-dichloroindene, gave a higher kill than 
DDT and benzene hexachloride at the 
same concentration. The other compounds 
which gave appreciable mortality under 
the experimental conditions were: 2,4,6- 
trichlorophenol, pentachlorophenol, 2,4,4, 
6-tetrachlorocyclohexadiene-2,5-one, 2,3, 
4,4,5,6-hexachlorocyclohexadiene-2, 5-one 
2,4,6-trichloroanisole, 2,4,6-trichloro-4-ni- 
troanisole, and the mixture of chloro- 
coumarones. 

This experiment was repeated, using 
the same concentrations of materials, but 
with open dishes. The results are shown in 
figure 2. In uncovered dishes only 1,2- 
dichloroindene, 2,4,6-trichloroanisole and 
2,3,4,4,5,6-hexachlorocyclohexadiene-2, 5- 
one gave appreciable mortalities. 

Since it appeared that certain of these 
compounds were volatile, quantitative 
tests were made of the per cent loss on ex- 
posure to air at room temperature in a 
thin layer for 7 days. The results, ex- 
pressed as per cents, were as follows: P6, 
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Fig. 1.—Time-mortality curves for compounds 
tested against Tenebrio molitor in closed containers. 


5.0; P10, 16.2; I1, 86.9; AN3, 94.5; P5, 0; 
P11, 90.0; DDT and benzene hexachloride 
both 0. These data indicate that certain 
of these compounds were highly volatile 
and possibly exerted their toxic action as 


fumigants. 
3. Confused flour beetle, Tribolium con- 
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Fic. 2.—Time-mortality curves for compounds 
tested against Tenebrio molitor in open containers. 
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Table 1.—Toxicity of synthesized chlorinated 
hydrocarbons to the nasturtium aphid. 








Puyto- Total Per Cent 
Compounp DiLutTIon TOXICITY Insects Mortauity! 
P6 1-200 Very severe 374 67.5 
P6 1-400 Severe 271 39.5 
P10 1-200 Very severe 229 77.6 
P10 1-400 Very severe 276 53.0 
ANS 1-200 Moderate 199 18.8 
AN3 1400 None 206 11.1 
17 1-400 Severe 207 Pe 





1 Calculated by Abbott’s formula. 


fusum Duy. The synthesized materials 
showing toxicity to the yellow mealworm 
in closed dishes were tested on the con- 
fused flour beetle. The concentrations 
used were 1, 0.5, 0.25, 0.125, 0.0625 and 
0.03125 per cent. DDT and benzene hexa- 
chloride were also used at the same con- 
centrations. 

One gram of whole wheat flour con- 
taining the toxicant was placed in a 7.6 
cm. tin box, 100 beetles were added and 
the box was closed. All tests at each con- 
centration were duplicated and a few 
were triplicated. Mortality records were 
taken each day and the results are com- 
pared with boxes which contained flour 
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Fic. 3.—Time-mortality curves for compounds 

tested against T’ribolium confusum in closed contain- 

ers. Concentrations of tested materials are indicated 
on graph. 

Fic. 4.—Time-mortality curves for compounds 

tested against Tribolium confusum in open contain- 

ers. Concentrations of tested materials are indicated 
on graph. 
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Table 2.—Toxicity of a one per cent solution of 
chlorinated hydrocarbons to eggs of the large 
milkweed bug. 











AVERAGE 
Tora Per CENT 
CoMPOUND Eaes UNHATCHED 
P6 311 100 

P10 333 29.1 
AN3 330 18.5 
17 346 16.9 
Acetone alone 338 22.2 





alone. Under these conditions the com- 
pounds synthesized in the laboratory 
showed toxicity only when used at 0.5 per 
cent or higher, while DDT and benzene 
hexachloride showed toxicity at less than 
0.03125 per cent concentration. 

Results are shown in figure 3 which 
gives the per cent of mortality in prob- 
ability scale in function of the number of 
days in logarithmic scale. 

The same tests were performed in open 
tin boxes and the results are also given in 
figure 4. As with the yellow mealworm, 
there was much less toxicity in the open 
boxes, showing that much of the toxic 
effect came from a fumigating action. 
Only those showing a mortality higher 
than the untreated are given in the figure. 

4. Nasturtium aphid, Aphis rumicis L. 
The compounds showing toxicity to the 
yellow mealworm and the confused flour 
beetle were tested on this aphid. Nastur- 
tium plants which had previously been 
infested were sprayed with a solution of 
the materials in 80 per cent acetone using 
an atomizer type air-brush. While being 
sprayed the plant was on a revolving turn- 
table which was enclosed in a wood spray 
chamber. Twenty pounds of pressure per 
square inch was used and the spray nozzle 
was kept about 25 inches from the plant. 
The sprayed plants were then tipped in 
saucers over sheets of paper, the edges of 
which had been smeared with tree tan- 
glefoot to prevent the escape of the sur- 
viving aphids. Counts of the living and 
dead aphids were made after 24 hours and 
the per cent dead determined. This was 
corrected according to Abbott’s formula 
using as a reference an 80 per cent acetone 
solution. Three different experiments 
were made, with each compound being 
used at two concentrations in each test. 
Table 7 gives the results of one of these. 

5. Large milkweed bug, Oncopeltus fas- 
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ciatus (Dall.) A hundred or more eggs of 
the large milkweed bug were placed in a 
test tube and a 1 per cent solution or sus- 
pension of the toxic material in 80 per 
cent acetone was added. After 30 seconds 
the eggs were filtered with suction and the 
filter paper was transferred to 10 cm. 
petri dishes which were left uncovered for 
24 hours. Then the eggs were counted and 
the dishes covered and kept closed for 2 
weeks when the number of unhatched eggs 
was recorded. Two different experiments 
were conducted and the results are given 
in table 2. 

Discussion.—Relation between toxicity 
and percentage of chlorine in compounds.— 
All of the compounds tested were analyzed 
for total chlorine, and an attempt was 
made to correlate these figures with toxi- 
city data. There was no apparent rela- 
tionship, since compounds having nearly 
identical amounts of chlorine (for example 
2,4,6-trichlorophenol, 53.75 per cent, and 
1,2,3,4-tetrachlorotetrahydronaphthalene, 
53.00 per cent Cl) showed widely 
different toxicities, Certain compounds 
having high percentages of chlorine 
showed high toxicity, but, taking the group 
as a whole, no generalizations could be 
made. 

Relation between toxicity and number of 
chlorine atoms in the molecule—Of the com- 
pounds showing appreciable toxicity to 
the various species of insects tested, one 
had six atoms of chlorine in the molecule, 
one had five, two had three, and one had 
two. It appears that factors other than 
the number of chlorine atoms influence 
the degree of toxicity. An increase in the 
number of chlorine atoms in the benzene, 
phenol, ketone, indene and coumarone 
derivatives increased toxicity, while a 
similar increase in chlorine atoms did not 
increase the toxicity of the naphthalene 
and anthracene derivatives. 

The substitution of one or more hy- 
drogen atoms in chlorinated benzene with 
methyl groups (for example, in the series 
benzene-toluene-xylene-mesitylene) low- 
ered the toxicity to insects. The replace- 
ment of hydrogen by nitro groups on the 
benzene ring resulted in lowered toxicity 
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in the compounds tested. The substitution 
of an -OCHs; group for an -OH group in 
the chlorinated phenols did not change 
toxicity appreciably. Transformation of 
chlorinated diene-one derivatives into the 
corresponding quinones resulted in low- 
ered toxicity. 

Frear & Seiferle (1947) found that in a 
group of compounds selected from the 
literature, insecticidal toxicity correlated 
with the number of chlorine atoms in the 
molecule. The results of the present study 
seem to contradict this generalization. In 
all probability there are a number of fac- 
tors, related and unrelated to chemical 
structure, which influence the insecticidal 
toxicity of any specific chemical com- 
pound, Examples, such as the variation 
in toxicity of the isomers of benzene hexa- 
chloride, serve to emphasize the lack of 
knowledge on this subject. It is quite pos- 
sible that many instances could be cited 
in which there is no relationship between 
the number of chlorine atoms in a mole- 
cule and insect toxicity: this does not 
necessarily vitiate the conclusion of Frear 
& Seiferle, who, discussing a larger num- 
ber of compounds, indicated that in gen- 
eral, the more chlorine atoms in the mole- 
cule, the greater the chance of that com- 
pound showing insecticidal properties. 

SumMAryY.—Chlorinated derivatives of 
naphthalene, anthracene, phenol, anisole, 
methyl-, dimethyl- and trimethylbenzene, 
indene, and coumarone were prepared. 
Insecticidal properties were tested on 
Drosophila melanogaster, Tenebrio molitor 
and Aphis rumicis and ovicidal properties 
on eggs of milkweed bug, Oncopeltus 
fasciatus. When derivatives of benzene, 
phenol, anisole, diene-one, indene and 
coumarone were chlorinated, the toxicity 
of the derivatives increased as the number 
of chlorine atoms in the molecule in- 
creased. With methylated benzene, naph- 
thalene, and anthracene nuclei, however, 
the addition of chlorine had the opposite 
effect. There were no demonstrable corre- 
lations between percentage or number of 
chlorine atoms in these organic com- 
pounds and toxicity to insects. 
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A Preliminary Report on the Rate of Insecticide 
Residue Loss from Treated Plants 


G. C. Decker, C. J. Weinman, and J. M. Bann! 


During the summer and _fall of 1949 a 
series of experiments was undertaken to 
determine, in so far as possible, the rate of 
loss of insecticidal residues on plants as 
indicated by both chemical analysis and 
biological assay. The insecticides were 
applied to plants with conventional equip- 
ment and in accord with regular farm 
practices. Samples were taken shortly 
after spraying, after intervals of 1, 2, 4, 
and 7 days, and usually at intervals of 1 
week thereafter. 

In the experiments on apples and 
peaches, lindane, parathion, DDT, toxa- 
phene, aldrin, chlordane, and dieldrin all 
were included at from one to several con- 
centrations. Only the last five of these in- 
secticides were used in the tests on soy- 
beans, red clover, sweet clover, and al- 
falfa. In the tests on legumes all of the 
materials were used as emulsion concen- 
trates and all were applied at the rate of 
20 gallons of total spray per acre. The 
amount of insecticide used per acre was 
calculated to be the greatest quantity 
which we would consider recommending 
for the use on these crops. 

In collecting samples for running the 
analyses and biological assays, only ex- 
posed leaves of apples, peaches, and soy- 
beans were used. The leaves were all fully 
developed. This procedure, therefore, 
gave maximum values (great surface— 
minimum weight) and eliminated the 
growth increment factor that would be 
encountered in the use of fruits for this 
purpose. The samples from sweet clover, 
red clover, and alfalfa were clipped and 
included all the plant parts two inches 
above the soil. All samples were collected 
by picking individual leaves or stems at 
random around the sprayed trees or plots. 
The foliage was placed in paper bags and 
immediately taken to the laboratory for 
processing. At the time of each sampling, 
unsprayed check material from each crop 
was gathered and processed along with 
the regular spray residue samples. At the 
laboratory the contents of each bag were 
thoroughly mixed and from this aggregate 
were carefully weighed two duplicate, 50- 
gram foliage samples. 


The check material was carried through 
the analysis procedure in exactly the same 
manner as was the sprayed material. In 
addition to the two duplicate, fifty-gram 
samples prepared for residue analysis, a 
third 50-gram sample was prepared from 
the check material and placed in a drying 
oven. Since all of the analysis data is based 
on wet-weight weighings, a moisture de- 
termination was run on each crop every 
time the plots were sampled and the 
moisture content noted. Any change in 
the moisture content was compensated 
for by calculated corrections in the analy- 
sis results, 

The 50-gram samples prepared from 
the plant material were placed in half- 
gallon jars, and to each was added 500 
ml. of hexane. The jars were capped with 
an air-tight seal and placed on a mechani- 
cal shaker. The samples were subjected 
to violent agitation for a period of exactly 
20 minutes. At the end of the agitation 
period the jars were removed, the air-tight 
seal broken, and the hexane extract 
poured through a cotton-plug filter into a 
graduated cylinder. The foliage and cotton 
plug were pressed in an effort to recover 
all the solvent possible. The amount of 
hexane recovered was recorded and later 
used as a factor in the calculation of the 
results. 

The hexane extracts were placed in a 
steam bath and subjected to a jet of air. 
Evaporation of the samples was con- 
tinued until a volume of approximately 
20 mls. was obtained. At this point the 
samples were removed from the heat 
source and allowed to proceed to moist 
dryness at room temperatures. 

The chemical analysis procedure uti- 
lized for all insecticides other than para- 
thion was that devised by Stepanov (?) 
with the modification suggested by Fleck, 
(1947), Umbhoefer (1945), and Caldwell 
& Moyer (1935). The method involves the 
conversion of organic chlorine to the 
chloride ion, which is subsequently de- 
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termined by the Volhard titration method 
(Volhard 1874). Parathion residues were 
analyzed colorimetrically using the ana- 
lytical procedure developed by Averell & 
Norris (1948). ‘This method basically in- 
volves the reduction of the parathion res- 
idue with zinc to the amino compound, 
diazotization, coupling with N-(1-naph- 
thyl)-ethylenediamine dihydrochloride to 
produce an intense magenta color, and 
evaluation of the developed color using a 
Coleman spectrophotometer and a_pre- 
viously prepared standardization curve. 
The extraction procedure used for all 
parathion samples was identical with that 
used for the other insecticides tested with 
the exception that reagent grade benzene 
was used in place of hexane as the solvent. 
All parathion extracts were decolorized by 
filtration through Attapulgus clay. 

It has been suggested in other papers 
(Laakso & Johnson 1949) that a larger 
plant sample be used along with a cor- 
responding increase in solvent. In these 
tests, a sample size of 50 grams was 
selected for several reasons. First, the 
analytical procedure was accurate enough 
to give good results at the concentration 
of insecticide obtained. Second, each plot 
was to be sampled seven times over a 
period of 28 days. Since the plots varied 
between 0.04 and 0.0833 acre, any increase 
in the sample size would have stripped 
the plots before the final sampling date. 
By using two 50-gram samples a repre- 
sentative cut of each plot was obtained 
and in almost all cases each sample ac- 
curately reproduced its duplicate. 

In a series of tests run on known 
amounts of insecticide in the range of the 
foliage residues, it was found that the 
test was accurate for amounts of insecti- 
cides as low as 0.1 mg. and fairly accurate 
for even lower concentrations. 

The mathematical factors used to con- 
vert p.p.m. chlorine to p.p.m. insecticide 
were based on the empirical formulae of 
the insecticides except for those products 
in which the per cent of chlorine was ac- 
curately known. 

In the few instances in which a check 
sample showed a trace of chlorine (always 
less than 1 p.p.m.) a corresponding correc- 
tion was made in’ the spray residue 


results. 

Biological assays were made by a 
method similar to that described by 
Dahm & Pankaskie (1949), in which 
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house flies were exposed to the plant 
material in quart jars and the results re- 
lated to similar tests with flies in jars 
treated with known amounts of the same 
insecticides. 

The results obtained in these experi- 
ments are summarized in a number of 
tables and graphs. The values obtained 
in each individual series of samples or 
tests showed a high degree of heterogene- 
ity, presumably due to variations in spray 
deposit and sampling error. In every in- 
stance, however, the trends for any given 
insecticide followed the same pattern. The 
figures are, for the most part, averages of 
several series of tests run on the same 
crop. Actually, only one series was run on 
apples and peaches, but on these crops 
several formulations, concentrations or 
both of four of the insecticides were in- 
cluded. Four series were run on soy- 
beans, seven on sweet clover, seven on 
red clover, and three on alfalfa. In other 
words, each point on the graphs repre- 
sents not less than two separate analyses, 
and on those graphs summarizing tests on 
legumes, each point is an average of from 
6 to 14 individual samples and analyses. 
Greater homogeneity was obtained by 
converting actual values at each sampling 
time to per cent of initial residue remain- 
ing, and in that way the effect of varia- 
tions in initial deposits from one replicate 
to another was eliminated. 

The tables are presented to show the 
magnitude and variation of initial de- 
posits and the graphs show the rate of 
residue loss in terms of initial deposits. 

Discussion.—The rate of loss for seven 
insecticides applied to apple and peach 
leaves are summarized in the curves in 
figure 1, which show the per cent of 
original deposit remaining at each inter- 
val of analysis. Actual results of analyses 
(in p.p.m.) of two sets of samples (original 
and 21 days) from apples and peaches ap- 
pear in table 1. It is apparent from a study 
of figure 1 and table 1 that parathion and 
lindane were the least persistent of these 
insecticides, followed then by aldrin, 
chlordane, dieldrin, toxaphene, and DDT, 
in that order. It is interesting to note that. 
the initial slope of the curve for all com- 
pounds is very steep. In other words, there 
is a considerable loss of all the materials 
applied during the first 24 hours after 
spraying. Thereafter the curves diverge 
according to the volatility of the various 























December 1950 


Table 1.—Initial and aged deposits (p.p.m.) on 
apple and peach foliage. 
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Table 3.—Average initial deposits (p.p.m.) of 


five insecticides on four crops. 











21 Days 
Rate, OrIGINAL! AFTER SPRAY 
Las./100 a ~ -— 

InsecticipE Form Gat. Apple Peach Apple Peach 
Parathion W.P22 0.30 88.8 43.1 0.0 0.0 
Parathion W.P. 0.15 28.6 25.1 0.0 0.0 
Lindane W.P. 0.25 173.4 92.5 6.1 0.0 
Aldrin E3 1.00 148.7 62.9 $8.4 15.4 
Aldrin E 0.50 39.4 33.2 3.6 0.0 
Aldrin wa 0.50 152.0 105.0 933.8 6.2 
Aldrin E 0.25 32.0 25.4 1.8 1.2 
Chlordane’ E 1.00 119.0 147.0 11.3 18.1 
Chlordane W.P. 1.00 90.2 139.5 8.3 0.0 
Chlordane’ E 0.50 67.3 78.9 8.6 6.7 
Dieldrin E 1.00 $17.4 275.9 70.2 20.4 
Dieldrin Wir. 0.50 $70.9 188.1 32.9 10.0 
Dieldrin E 0.25 158.0 48.1 21.9 1.0 
Toxaphene E 1.00 529.2 364.1 108.4 49.2 
DDT Ware 1.00 $90.9 461.5 115.0 76.1 





! Original =2 hrs. after spraying. 
2 W.P. = Wettable powder. 
3’ E =Emulsion concentrate. 


materials. For some unknown reason the 
curve for aldrin does not follow the usual 
pattern, for, although it does show a steep 
slope during the first several days, it fails 
to flatten out after 2 weeks as the other 
curves do but continues its downward 
slope at almost the same rate that it 
showed during the first week. If, however, 
we study the curves in figure 2, which are 
plotted on the actual p.p.m. of DDT and 
aldrin rather than on a percentage basis, 
we see that the aldrin curve does flatten 
out. In other words, the percentage loss 
per day continued to be considerable, al- 
though the actual loss after the first 5 days 
was rather small. Also in figure 2 it is 
apparent that the actual quantities of 
DDT, applied at twice the original con- 
centration of aldrin, are very much higher 
on the plant at every time of analysis than 
the aldrin residue. When the aldrin residue 
had decreased practically to zero, DDT 
residues were only to approximately 80 
p.p.m, or only 20 p.p.m. below the point 
at which the aldrin residue — started 
originally, 

The p.p.m. figures, table 1, seem rather 
high compared to other data given in the 
literature, but it must be remembered 


Table 2.—Ratio of DDT residue on apple 
leaves to residue on fruit. 





Sweet Rep 
InseEctTi- Rate, AL- Cio- Crio- Soy- 
Cipe’ Lss./A. FALFA’ VER VER BEANS 
Aldrin 0.25 13 31 29 44 
Dieldrin 0.25 25 40 47 63 
Chlordane’ 1.00 38 93 92 183 
Toxaphene 1.50 162 230 260 397 
DDT 1.50 187 Q277 285 535 





that these are analyses of exposed leaves 
rather than of fruit. In table 2 are figures 
for the ratio of residue on apple leaves and 
fruit. There it appears that approximately 
20 times more residue was found on the 
leaves than on the fruit, so that in order 
to interpret these results as pertaining to 
fruit, the total residue figure should be 
divided by approximately 20. The dis- 
parity in surface area of fruit compared 
to leaves is even greater in other crops. 
Peach leaves, for example, have over 150 
times as much surface per unit weight as 
do ripe peach fruits. Some varieties of 
apple undoubtedly have a greater ratio, 
leaf surface: fruit surface, than is indicated 
in table 2. 

The average initial deposit in p.p.m. of 
the five insecticides applied on red clover, 
sweet clover, soybeans, and alfalfa, ap- 
pear in table 3. In every instance the de- 
posit of DDT is greater than that of 
toxaphene, although these compounds 
were applied at the same rate per acre. 
Among the other compounds, deposits 
relative to DDT were proportionately 
much smaller. Chlordane, for example, 
applied at two-thirds the rate for DDT 
and toxaphene, gave residues of only one- 
third to one-fifth those of DDT. This de- 
viation from the theoretical original de- 
posit is shown more clearly in the figures 
in table 4. These figures are the average 
per cent of the theoretical initial residues 
actually present on the various crops, 

Table 4.—Average per cent of theoretical ini- 
tial residues actually present on various crops 





RATIO OF 





ResipuE~  ReEsIpuE 


oN LEAvES ON Fruit ReEsipuEs 
VARIETY (p.p.m.)  (p.p.m.) Leaves: Fruit 
Willow Twig 464.3 42.1 Eee] 
King David 471.0 26.9 18:1 
Minkler 451.1 15.8 29:1 
Average 19:1 


(Based on DDT = 100 per cent). 





Sweet Rep 
InsEcti- AL- Cio- CLio-_ Soy- 

CIDE FALFA VER VER BEANS’ AVE. 
Aldrin 40 68 64 52 56 
Dieldrin 80 88 96 72 84 
Chlordane 30 50 48 52 45 
Toxaphene 86 82 96 76 85 
DDT 100 100 100 100 100 
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Table 5.—Relative loss of DDT and aldrin 
during spraying in still air in laboratory. 








Per Cent or TreoreticaL Ratio ALprin: DDT 
ActTuaLLy RecoveREep ReEcOvVERED 


In Crystal- 





In Mason _lizing Dish In Crys- 
Com- Jar at 4 Feet from In Mason J tallizing 
POUND Nozzle Nozzle Jar Dish 
Aldrin 55.9 33.7 
——_——_______—— . — 64 M4 
DDT 87.7 76.4 ; 





based on the assumption that DDT equals 
100 per cent. Here it can be seen that 
toxaphene deposits were only 85 per cent 
of theoretical; chlordane, 45 per cent; di- 
eldrin, 84 per cent and aldrin, 56 per cent. 
Inasmuch as these figures are in line with 
the known volatility of these materials. 
it must be assumed that there is a con- 
siderable loss of insecticide during the 
actual spraying process or during the two 
hours between application and collection 
of samples for original analyses. 

Although there were individual varia- 
tions in results from series to series and 
crop to crop, averages of replicates indi- 
vate that lindane and parathion residues 
are the least persistent, followed by aldrin, 
chlordane, dieldrin, toxaphene, and DDT, 
in that order. 

Insecticidal efficiency of aged residues 
does not always follow the curves for the 
chemical analyses. Some compounds have 
such a low threshold of toxicity that an 











X— — —— PARATHION 
o——— --- LINDANE 
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O—— —— CHLORDANE 
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DAYS AFTER TREATMENT 


lic. 1.—Average per cent of initial residue remain- 
ing on leaves at intervals after application of several 
insecticides to peach and apple trees. 
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Table 6.—Relative loss of DDT and aldrin dur- 
ing spraying in still air and in 6 mph wind directed 
at right angle to spray current. 








Wrnp at Rigut ANGLES TO 


In Stitt Arr DrireEcTION OF SPRAY 





Mg. Mg. Per Cent 

Recovered Recovered Loss Due 

Compounp on Target on Target to Wind 
Aldrin 5.4 2.9 46.2 
DDT 10.0 5.7 43.0 








Ratio, Aldrin: DDT; 
Spray Deposit on 
Target 





0.61 0.55 





appreciable effect on house flies can be 
demonstrated almost as long as there is 
any discernible residue on the plants. 
Other compounds persist long after all in- 
secticidal activity has been lost. 

Residues of chlordane and, especially, 
toxaphene from the application of these 
insecticides as emulsions are very resist- 
ant to removal by heavy rains, apparently 
because of their waxy or sticky physical 
nature. 

The rate of loss of residues of mixtures 
of compounds, such as toxaphene, chlor- 
dane, or crude aldrin, is not uniform. Rate 
of deterioration from such residues usually 
shows a multiple-phase curve when 
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DAYS AFTER TREATMENT 


Fic. 2.—Actual residues present at intervals after 
application of DDT and aldrin wettable powders 
to peach foliage. 
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plotted against the log of time after 
application. 

In order to determine the validity of 
this assumption, comparable formula- 
tions of DDT and recrystallized aldrin 
(compound—12 grams, emulsifier—5 ml., 
xvlene—-q.s. 50 ml.) were tested in the 
laboratory under controlled conditions. 
In the first series of experiments, the two 
emulsifiable concentrates were diluted 
with water, and 20 ml. of the emulsions 
were pipetted evenly on filter papers 20 
inches square. After the papers had dried 
(approximately 45 minutes after treat- 
ment) the compounds were extracted and 
analyzed in the usual manner. Analyses 
of seven replicates showed a recovery of 
97.5 per cent of the theoretical for DDT, 
and of 90.7 per cent for aldrin. 

Similar emulsifiable concentrates of 
DDT and aldrin were diluted in water 
and sprayed with a_pressure-on-liquid 
sprayer in a series of experiments designed 
to elucidate the factors responsible for the 
great difference observed in initial depos- 
its of the various insecticides in field tests. 
In the first experiment the spray was 
directed into a 2-qt. mason jar, and after 
500 ml. of the emulsion had been sprayed 
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Fic. 3.—Average per cent of initial residues remain- 
ing at various intervals after application of insecti- 
cides to red clover. 
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out, two 20-ml. samples were removed 
and analyzed. Then, with the same equip- 
ment, pressure, ete., another 500 ml. of 
spray of each compound were collected in 
a crystallizing dish (10-inch diameter) 
held 4 feet away from the sprayer, and 
again two 20-ml. samples were taken for 
analyses. Results of this experiment ap- 
pear in table 5. 

An attempt was made to study the 
effect of wind and wind direction on the 
deposit of spray from DDT and aldrin 
emulsions by placing an electric fan 
(velocity of air calibrated at 6 mph) at 
right angles to the course of the spray. 
In these experiments, the 400-sq. in. 
filter paper targets were set 4 feet from 
the sprayer, and the spray was directed 
toward the papers for 30 seconds in each 
replicate. Four series of tests on each 
compound were run in still air and in 6 
mph wind at right angles to the direc- 
tion of the spray. Table 6 is a summary 
of the data from this experiment. 

From the data in table 5, it is apparent 
that there is an appreciable loss, even of 
slowly volatile compounds, from an 
emulsion, even when the spray is col- 
lected at the nozzle. The loss in compound 
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Fig. 4.—Average per cent mortality of flies exposed 
to insecticidal residues of various ages on red clover. 
Averages of seven series of applications. 
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is much greater when the spray passes 
through a greater distance of air. Since, 
in tests in which the emulsions were 
pipetted on the filter papers, only 2.5 per 
cent of the DDT and 9.3 per cent of aldrin 
were lost during the drying process, it 
must be assumed that the much greater 
loss of compound during spraying is the 
result of the intimate contact of the small 
particles of spray with air as the particles 
swirl and fog through space. Moreover, 
the greater the distance traveled by the 
spray, the greater is the loss of compound 
from the emulsion. The extent of the loss 
for any particular formulation under any 
given set of conditions is relative to the 
vapor pressure of the compound under 
test, since it is clear from these experi- 
ments that the loss in compound is much 
greater from aldrin emulsions than from 
identical DDT emulsions. 

The figures in table 5 show the loss in 
compound, regardless of the amount of 
spray recovered in or at the target. In 
table 6, however, are presented data 
which indicate both the loss due to evap- 
oration of the toxicant and that due to 
loss of spray between the sprayer and the 
target. In still air, the filter papers on 
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Fig. 5.—Per cent of initial residue remaining at 
intervals during the first seven days for two series 
of tests on alfalfa. 
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which the particles of aldrin emulsion were 
collected showed only 0.61 per cent as 
much compound present as was on the 
papers sprayed with DDT. Inasmuch as 
the formulations of the two compounds 
were identical, the sprayer the same, the 
nozzle pressure, duration of spraying, and 
distance between the sprayer and target 
kept constant, it is presumed that the 
total amount of spray reaching the target 
was the same for DDT and aldrin under 
each set of conditions. This conclusion 
seems the more valid when one considers 
that the loss due to wind currents was not 
greatly different for the two insecticides. 
The smallest droplets in the spray are the 
ones blown away from the target, and 
these also are the ones in which the com- 
pound is most susceptible to evaporation. 

Going back now to figure 2, we see that 
aldrin, applied as a wettable powder at 8 
ounces per 100 gallons, gave an original 
deposit of only slightly over 100 p.p.m., 
whereas DDT applied at twice that quan- 
tity per 100 gallons gave an original de- 
posit of 460 p.p.m. Again it appears that 
the more volatile aldrin undergoes a con- 
siderable loss during the spraying process 
and during the two hours between spray- 











Fic. 6.—Per cent mortality of flies exposed to 
insecticidal residues of various ages on _ alfalfa 
(rain third day). 
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ing and collection of samples for analysis. 
The loss in spraying emulsion concentrates 
of aldrin and dieldrin (Table 1) is even 
greater. This discrepancy emphasizes the 
importance of formulation on extent of 
original deposits, even when different 
formulations of the same insecticides are 
used at the same rate and in the same 
type of equipment. 

Figure 3 is a summary of the chemical 
analyses on insecticidal residues applied 
to red clover. Again aldrin and chlordane 
are the first to reach the zero point, fol- 
lowed then by dieldrin, toxaphene, and 
DDT, in that order. 

Figure 4 shows the insecticidal activity 
of these same samples against house flies. 
A comparison of figures 3 and 4 makes it 
clear that the chemical analysis of residues 
does not tell the entire story, for, although 
the rate of loss of dieldrin is greater than 
that of DDT and toxaphene, the insecti- 
cidal effectiveness of dieldrin against 
house flies is greater than that of DDT 
and toxaphene until the twenty-fifth day 
after spraying. In other words, dieldrin 
has a lower threshold of toxicity to flies 
than does either toxaphene or DDT. In 
any study of the rate of loss of insecticidal 











DAY AFTER TREATMENT 


Fig. 7.—Per cent mortality of flies expesed to 
insecticidal residues of various ages on alfalfa 
(no rain). 


residues this factor of insecticidal ef- 
ficiency or threshold of toxicity must be 
importantly considered. 

The effect of heavy rain on the residues 
of these five insecticides is demonstrated by 
the curves in figure 5. On the left side of 
the figure is summarized one series of tests 
on alfalfa in which a heavy rain of 2.33 
inches fell in a single day—the third day 
after the sprays were applied. On the right 
side of this figure is a duplicate series on 
alfalfa in which there was no rain during 
the first 7 days after applying the spray. 
As might be expected, all of the insecti- 
cides show a greater loss following the 
rain than when there was no rain. The 
important difference, however, is that 
toxaphene and chlordane appear to be 
much more resistant to washing than 
were the crystalline materials, DDT, di- 
eldrin, and aldrin. Toxaphene, especially, 
seemed to be resistant to being washed 
off by heavy rains. The biological data on 
these same two series of tests appear in 
figures 6 and 7. Here again it appears 
that the rate of loss of chlordane and of 
toxaphene was relatively unaffected by 
the heavy rain, whereas the effectiveness 
of the crystalline materials decreased 
rapidly following the 2.33 inches of rain. 
The physical nature of an insecticide, 
therefore, is also an important considera- 
tion in studying the rate of loss of insecti- 
cidal residues. 

If the per cent of initial deposit re- 
maining at various intervals after spray- 
ing is plotted against the log of time after 
treatment in days, the result should be a 
straight line, showing that the loss is a 
geometrical progression. Figure 8 is such 
a graph made from four different sets of 
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Fic. 8.—Rate of residue loss for pure and crude 
aldrin applied as emulsions. 
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OG OF TIME IN DAYS AFTER TREATMENT 


Fia. 9.—Average per cent of initial residues re- 

maining at intervals after treatment of red clover, 

sweet clover and alfalfa with no rain and little 
change in mean daily temperature. 


data, all taken from plots sprayed with 
emulsifiable concentrates of aldrin. The 
two straight lines represent the data from 
plots sprayed with pure aldrin. Although 
these data were taken from tests run by 
two different groups of people in two 
widely separated parts of the country, 
and analyses were made by two different 
methods, the two straight lines are almost 
parallel. Data from plots sprayed with 
crude aldrin, however, do not show this 
straight-line relationship. Presumably 
the crude material contained compounds 
which are more, or less, volatile than pure 
aldrin. Probably it contains materials 
some of which are more volatile and others 
less volatile than aldrin, giving the three- 
sloped curve which is, perhaps, typical of 
impure materials. The same type of treat- 
ment applied to data from plots sprayed 
with each of the five insecticides resulted 
in figure 9. Of the five materials, only di- 
eldrin and DDT approached a straight 
line. The chlordane, toxaphene, and crude 
aldrin, all of which are known to be mix- 
tures of compounds, show the typical 
wavy line characteristic of mixtures of 
compounds differing in their volatility. 
In other words, a uniform rate of loss can 
be assumed only when we are dealing with 
pure compounds. 

The rather common practice of analyz- 
ing fruit at harvest or making analyses of 
samples taken 30, 50, or 60 days after the 
original spraying tells only part of the 
true story and may even lead to false as- 
sumptions. If we were studying the ulti- 
mate fate of dieldrin residues, for example, 
we might say that after 30 days there was 
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little or no dieldrin remaining in some of 
these plots. We might, therefore, assume 
that for a week or two previous to the 
complete loss of dieldrin the insecticidal 
efficiency was low or nonexistent. Actu- 
ally, however, it appears that dieldrin is 
effective, against some pests at least, so 
long as any appreciable amount is still on 
the plant. In the case of DDT and toxa- 
phene, however, it may be necessary to 
have 10, 20, of 30 p.p.m. on the plant 
before any insecticidal effectiveness can 
be demonstrated. It follows, therefore, 
that even though a compound such as di- 
eldrin may have a native toxicity to 
higher animals much greater than that of 
toxaphene or DDT, still because it can be 
used at much lower concentrations and 
because its residues are effective at so low 
a threshold, its actual use in practice may 
be safer than the use of a presumably less 
toxic material. It does appear from our 
data that sub-threshold quantities of 
DDT and toxaphene persist for very long 
periods. In our tests on apples and 
peaches, for example, there were still 15 
p.p.m. of DDT on the leaves 41 days 
after the application, but our biological 
data indicated very little effectiveness 
from these residues against house flies 
after 21 to 27 days. The curves for both 
toxaphene and DDT between 25 and 40 
days, figure 1, are practically flat, which 
means that an appreciable amount of 
these materials may remain for much 
longer than 41 days under the apparently 
normal field conditions of our experiment. 
An insecticide which actually disappears 
completely very soon after its insecticidal 
efficiency is gone has a definite advantage 
in safety over one which persists long 
after it no longer demonstrates any in- 
secticidal activity. 

SUMMARY AND ConcLusions.—The rate 
of loss of residues from the application of 
seven insecticides to peaches and apples 
and of five to replicated series on soy- 
beans, red clover, sweet clover, and al- 
falfa was studied through chemical and 
biological assays of samples taken at vari- 
ous intervals after spraying. In all, 2659 
separate samples were analyzed to deter- 
mine residues of bisecticides. 

Deposits of DDT related to rate of ap- 
plication were significantly higher than 
those of toxaphene and were far in excess 
of the more volatile compounds, showing 
that there must be a considerable loss of 
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even slowly volatile materials during the 
actual spraying process. The results of 
laboratory studies under controlled con- 
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ditions substantiated this assumption. 


Deposit also was affected by differences 


in formulation. 
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The Attraction of Tribolium castaneum to Flour 


Epwin R. Writs and Louts M. Rota, Quartermaster General Laboratories, 
Philadelphia, Pennsylvania 


Very little is known about the factors 
governing the invasion of foods by species 
of Tribolium. The entire life-history of 
these insects is typically spent in their 
original environment, e.g. flour (Park 
1934). Although the adults of T. con- 
fusum do not fly, they can spread through- 
out a building and eventually infest all 
available food (Good 1936). That T. 
castaneum Herbst, however, may spread 
by flight is shown by the report that it has 
been trapped in numbers in a rotary net 
at an elevation of about 3 feet (Barnes & 
Kaloostian 1940). 

Good (1936) reported that flour beetles 
of the genus Tribolium feed in over 100 
different foods, while T. confusum has 
been listed as feeding on at least 70 kinds 
of food (Hayhurst 1937). 7. confusum and 
T. castaneum are reported to be the most 
abundant insects in flour mills (Cotton 
et al., 1945), these insects being encoun- 
tered at all stages of the manufacture and 
storage of cereal products. 

Chapman (1918) stated that a coarse, 
flaky food was somewhat more “attrac- 
tive’ than fine or granular material, and 
that the dominant factor in the invasion 
of flour or cereal by Triboliwm may be its 
coarseness. Although coarseness may be a 
factor in retaining beetles once they have 
invaded a material, particle size can 
hardly act as an attractant from a dis- 
tance. Later Chapman (1931) stated that 
T. confusum seemed to exhibit relatively 
little olfactory selection of food. 

DeCoursey (1931) found that adults of 
Tribolium confusum could be trapped be- 
tween two pieces of wood separated by 


tacks or in corrugated paper baited with 
wheat flour. Of several materials tested in 
the wood traps, including certain cereals 
and essential oils, he concluded that flour 
was the best attractant. However, this 
method of trapping does not permit the 
conclusion that the beetles made an ol- 
factory selection of food. There is the 
possibility that beetles moving at random 
may have encountered the flour-baited 
traps and have been retained by the flour. 
DeCoursey also found that beetles con- 
gregated in large numbers in a flour- 
baited, corrugated-paper trap placed in a 
culture jar containing flour infested with 
these insects. This is an indication that it 
was not so much the flour used as bait 
which was important in the initial aggre- 
gation of the beetles in the trap, but rather 
the crevices in the corrugated paper since 
the flour was present outside the trap as 
well. In our laboratory, adults of Tri- 
bolium have been found to collect in large 
numbers in unbaited, corrugated-paper 
traps. Good (1936) noted that both larvae 
and adults collect or conceal themselves 
under any suitable object near their food. 

Adults of Tribolium castaneum that 
were starved for 2 or more days were 
strongly attracted to flour (Fig. 1, D-F) 
as well as to moisture (Fig. 1, A-C). How- 
ever, in studying the olfactory responses 
of Tribolium, with the aid of an olfactom- 
eter, the writers observed that beetles 
were slightly repelled by previously dried 
air after it had been passed over whole 
wheat flour as a source of odor. This re- 
pellency was apparently related to the 
moisture content of the flour (about 10 to 








Fig. 1.—Attraction of Tribolium castaneum adults 
to whole wheat flour and to water. Tests performed 
in darkness in 15 cm. petri dishes lined with filter 
paper. Photographs A to C show attraction to water 
of beetles starved for 2 days: (A) distribution of 
beetles prior to introduction of drop of water; (B) 
3 minutes after drop of water was placed on filter 
paper; (C) 6 minutes after introduction of water. 
Photographs D to F show attraction to flour of 
beetles starved for several days: (D) distribution 
of beetles immediately after introduction of flour; 
(E) 5 minutes later; (F) 20 minutes after introduc- 
tion of flour. 


12 per cent water by weight) for it was 
possible to eliminate the repellent effect 
of the flour by equalizing the humidities 
of the 2 air streams in the instrument. 
Further studies on the humidity responses 
of Tribolium, which will be reported else- 
where, substantiated this conclusion since 
it was found that unstarved, non-desic- 
cated beetles preferred the drier of alter- 
native humidities when given a choice be- 
tween zero and 5 per cent and between 
zero and 15 per cent relative humidity. 
Using the olfactometer, attempts to show 
whether or not flour odor was a factor in 
attracting Tribolium were negative. The 
following experiments were performed to 
determine the effect of the moisture con- 
tent of flour on its “attractiveness” to 
adult flour beetles. 
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APPARATUS AND Metuops.—The be- 
havior of Tribolium castaneum adults to- 
wards flour and water was observed in a 
reaction chamber in which the insects 
were separated from the attractant by a 
wire screen (Fig. 2). In the arena the at- 
tractant operated from a distance, and 
retention of the beetles above the attract- 
ant did not result from contact with the 
material other than that which existed 
between olfactory stimuli or hygrostimuli 
and the receptors of these stimuli. The 
test method used with the arena was based 
on the relatively rapid, directed response 
of starved beetles toward water or flour. 

The arena wasa plastic cylinder 2.5 em. 
high and 14.5 cm. inside diameter with a 
bottom of 40 mesh, brass-wire screen. 
During tests the arena was secured over 
the inverted top half of a petri dish 15 
cm. in diameter by an encircling band of 
thin plastic. Containers for the attract- 
ants, 0.5 ounce, metal, salve boxes 3.5 
cm. in diameter, were raised off the petri 
dish so that their rims nearly reached 
(but did not touch) the screen bottom of 
the arena. The top level of the attractant 
was approximately 0.5 cm. below the 
screen. The area of the arena was 165.13 
square cm., and the area of each attract- 
ant container was 9.62 square cm. Thus 
when only one container was employed in 
a test, the ratio of attractant area to the 
total arena was 1:17.2; when 4 containers 
were used, the ratio was 1:4.29. 

Twenty adult beetles of mixed sexes, 
1 to 2 months after emergence, were used 
in each test; each test was repeated 5 or 
more times so that a total of 100 or more 
different insects were used in each ex- 
periment. To determine actual distribu- 
tion of test insects over empty containers, 
control tests were run just before each 
group of experimental tests. When one 
container was used, it was placed in the 
center of the petri dish beneath the arena; 
when 2, 3, or 4 containers were employed, 
they were placed centrally about 1.5 cm. 
apart. In experiments in which more than 
1 attractant was employed, the arrange- 
ment of the containers was changed for 
each test by rotating the containers suc- 
cessively through each position beneath 
the arena. During the experiments the 
only light (from an overhead source) 
measured less than 1 foot candle at the 
arena level. 

Tests were conducted in the following 
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manner. After 20 beetles had been placed 
in the arena it was covered with a glass 
plate; this plate served to restrict the 
flight of the beetles and to screen the arena 
from external air currents and gross 
changes in humidity from the breath of 
the observer. The container of attractant 
was placed in the petri dish, and, following 
dispersal of the beetles over the screen, 
the arena as lowered over the petri dish. 
The numbers of insects that collected 
above the attractant on the area of screen 
outlined by the rim of the container were 
counted at intervals of 1 minute for a 5- 
minute period. From the totals of the 5 
counts the response to the attractant was 
computed as a percentage of the total 
possible number of position records (100 
position records in a 5-minute test using 
20 insects). 

Brxavior TowARD WATER AND FLouR. 
—The effect of starvation on the reaction 
of Tribolium castaneum toward water and 
whole wheat flour! was determined in the 
arena. Beetles were starved in petri dishes 
lined with filter paper either dry or wet 
with water. In the following tests the at- 
tractant, either water or flour, was con- 
fined in one container beneath the center 
of the arena. Since these beetles respond 
strongly to humidity, both flour odor and 
humidity might be involved in the re- 
sponse of the beetles to flour. To separate 
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the combined effects of odor and humidity 
on the responses of the beetles, both fresh 
and dry flours were used. Fresh flour was 
that which had been stored at room hu- 
midity and had a moisture content of 10 
to 12 per cent by weight. Dry flour was 
either dried over concentrated sulfuric 
acid for 10 days (final moisture content 
not determined) or air-oven dried at 130° 
C. for 1 hour (A.0.A.C., 1940); this latter 
sample after storage over night above 
calcium chloride had a moisture content 
of 0.28 per cent. 

The peak response to the attractant, of 
beetles starved longer than 1 day, oc- 
curred by the second or third minute of 
each experimental test. With unstarved 
beetles and those starved only 1 day the 
peak response occurred about the fifth 
minute. In no case was the percentage of 
position records above empty containers 
in the control tests as large as that which 
might have been expected from theoret- 
ical considerations. The results of these 
tests expressed as mean percentages of 
position records above the attractant are 
given in table 1. 

The results show that the amount of 
moisture in the whole wheat flour was an 
important factor in attracting the beetles, 
dry flour eliciting equally low responses 
from both desiccated and non-desiccated 


1 Wheatsworth, National Biscuit Co. 


Fic. 2.—Arena in which beetles were separated from attractant by wire screen. Preference shown by 100 

adults of Tribolium castaneum, starved 7 days without water prior to test, for samples of whole wheat flour 

containing different amounts of moisture. (A) distribution of insects a few seconds after start of test. (B) 

distribution of insects after 1 minute. Moisture content of flour: (1) 7, (2) 10, (3) 12, and (4) 15 per cent 
moisture by weight. 
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Table 1.—Effects of different conditions of 
starvation on the attraction of adults of Tribo- 
lium castaneum to water vapor or whole wheat 
flour. 








| PercentaGes or Post- | 
| tion Recorps Aspove 
ATTRACTANTS | 


ConNDITIONS (mean+53.E.) | 








| . } Num- 
Atrract-| AND Daysor | Experi- BER OF 
ANTS STARVATION | mental Control Tests 
| Without water | | 
Water | 0 $41.8 | 3.441.54 5 
vapor | 1 4+0.9 | 2.0+0.54 10 
3 | 50£5.8 | 4.2+0.58 5 
5 | 68+1.4 | 3.0+0.63 5 
7 |} 81+2.6 | 3.2+0.37 5 
| Without water 
Fresh 0 21+2.1 | 1.9+0.48] 10 
flour? l 22+2.9 1.140.238 10 
3 387+3.7 1.8+0.39 10 
5 38+2.4 2.3+0.47 10 
| 7 55+2.3 2.2+0.34 10 
| Without water | 
Dry flour’ | 7 | 6+1.3 1.6+0.68 5 
Dry flour‘ 7 |} 8+2.5 2.4+0.36 5 
With water 
Fresh Si¢8.1 1.9+0.48 10 
flour? 1 14+1. | 9+0.28 10 
3 17+3.9 1.0+0.55 5 
7 8+2. + 0.68 5 
With water | 
Dry flour’ | 7 8+2.3 | 1.0+0.17 5 





1 Vapor arising from an exposed water surface approximately 
0.5 cm. below the screen of the arena; temperature of room 
24°-26° C. 

2 Flour with a moisture content of 10 to 12%. 

3 Flour kept over concentrated sulfuric acid in a desiccator for 
10 days. 

‘ Flour air-oven dried to a moisture content of 0.28°%. 
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beetles that had been starved 7 days. The 
intensity of the attraction of desiccated 
beetles to water vapor or to flour con- 
taining 10 to 12 per cent moisture in- 
creased with the period of starvation. 
However, the intensity of the attraction 
of non-desiccated beetles to flour contain- 
ing 10 to 12 per cent moisture decreased 
with the length of starvation. 

BrHAvior TOWARD SAMPLES OF FLOUR 
ConTAINING DIFFERENT AMOUNTS OF 
Moisturk.—The previous experiments 
demonstrated that the moisture content 
of whole wheat flour was an important 
factor in the movement, toward this food, 
of Tribolium castaneum adults that had 
been starved without water. The following 
experiments were performed to determine 
whether these beetles could discriminate 
among 2 or more samples of flour contain- 
ing different amounts of moisture. 

Samples of whole wheat flour were 
placed in desiccators above solutions of 
sulfuric acid and water adjusted to pro- 
vide relative humidities of 20, 40, 60, and 
80 per cent. After 16 days the moisture 
content of the flour was determined.' 
Rounded to the nearest whole number, 
the amounts of moisture in the whole 


Indirect, air-oven method, A.O.A.C., 1940. 
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Fics. 3 and 4.—Attraction of adults of Triboliwm 
castaneum to samples of whole wheat flour contain- 
ing different amounts of moisture. Flour samples 
presented simultaneously in arena. Fic. 3. Condi- 
tions of beetles prior to test: (A) unstarved; (B) 


PERCENTAGE MOISTURE 

















© (2 





7 is 











IN| FLOUR 


starved 7 days in moist, moving air; (C) starved 
7 days in dry, moving air. Fia. 4. All beetles starved 
7 days in petri dishes on dry filter paper prior to 
test. Beetles given a choice of 4 (D), 3 (E), or 2 
(F) samples of flour at one time. 
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wheat flour samples kept at the above 
humidities were 7, 10, 12, and 15 per cent 
by weight. Three series of 5 tests each 
were run in the arena using, simultane- 
ously, samples of all 4 flours. Beetles were 
subjected to the following conditions of 
starvation prior to testing: (1) unstarved, 
(2) starved 7 days in moving air of 96 to 
100 per cent R. H., and (3) starved 7 days 
in moving air of zero R. H. Control tests 
were run with 4 empty containers under 
the screen, and a mean percentage of posi- 
tion records above any one container for 
10 tests was obtained (N = 40). Unstarved 
beetles, while exhibiting a significant re- 
sponse to all flour samples, showed little 
ability to discriminate between them. 
Beetles starved 7 days in either a dry ora 
moist atmosphere discriminated among 
samples of whole wheat flour differing in 
moisture content by 2 to 3 percentage 
points in the range 7 to 15 per cent mois- 
ture. However, beetles starved 7 days in a 
dry atmosphere were attracted more 
strongly to flour containing 15 per cent 
moisture than were beetles starved 7 days 
in moist air. Results of these tests are 
shown graphically in figure 3. 

Since flour of 15 per cent moisture was 
more attractive to beetles starved 7 days 
than flour of lower moisture content, the 
following experiments were performed to 
determine the relative attractiveness of 
the other 3 flour samples. The beetles for 
these tests were all starved for 7 days in 
petri dishes on dry filter paper. In the 
successive experiments (5 tests each) the 
insects were given a choice of 4, 3, or 2 
samples of flour containing different 
amounts of moisture. The control response 
was the mean percentage of position rec- 
ords above any one empty container in 
15 tests (N=45). The results are shown 
in figure 4. In each series of tests the 
beetles showed a marked preference for 
the flour of highest moisture content, even 
though the amount of water in the moist- 
est sample was different in each series. 
However, both the response to the sample 
of highest moisture content and the total 
response to all flour samples decreased as 
the flours of 15 per cent and 12 per cent 
moisture were successively removed. 

Discussion.—The humidity responses 
of Tribolium castaneum in the arena are in 
fairly close agreement with those ob- 
tained in an olfactometer (Willis & Roth 
1950). Unstarved, non-desiccated adult 


flour beetles were not attracted by vapor 
from water exposed beneath the arena; 
beetles in a similar state of nutrition 
and moisture balance consistently pre- 
ferred the lower humidity in the olfac- 
tometer. In both instruments starved, 
desiccated insects showed a preference for 
high humidities; thus the change in direc- 
tion of response with desiccation was 
similar in both olfactometer and arena. 
However, in the arena unstarved, non- 
desiccated beetles were slightly attracted 
to flour containing moisture although in 
the olfactometer a similar response was 
not obtained; possibly flour odor en- 
hanced this response in the arena. 

Most non-desiccated insects have been 
found to aggregate in the drier micro- 
climate, in what has been considered the 
more unfavorable humidity (Bentley 
1944). However, despite this apparently 
unfavorable selection by the insect, it 
would seem that, through the medium of 
the dry reaction, insects of normal water 
balance might be enabled to migrate over 
a wider range of microclimatic conditions 
than would be available to them if they 
reacted preferentially only to optimal 
humidities. There is slight likelihood that 
insects showing a dry reaction would be 
trapped in an unfavorable humidity for, 
as Bentley (1944) has pointed out for 
Ptinus and as has been shown with Tri- 
bolium, the reaction of insects toward 
drier air disappears with desiccation and 
is replaced by a biologically advantageous 
reaction towards regions of higher humid- 
ity. 

Integration of laboratory and field re- 
search has been emphasized with respect 
to the behavior of Ptinus tectus. This in- 
sect had consistently selected the drier 
end of a humidity gradient in the labora- 
tory but was observed congregating in 
damp spots in a granary (Herford 1949). 
Subsequent study showed that after dry 
conditioning, Ptinus exhibited a prefer- 
ence for high humidity. The humidity be- 
havior of Tribolium castaneum under field 
conditions may be predicted tentatively, 
although the hypothesis requires sub- 
stantiation by field observations. Both 
the intensity and direction of the hu- 
midity reactions might be expected to de- 
pend on the state of water balance in the 
freely migrating insect. Adult beetles mi- 
grating from flour might be expected to 
wander, not strongly attracted to food, 
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until their humidity responses were re- 
versed by desiccation. Under these cir- 
cumstances the moisture content of avail- 
able food could affect the intensity of 
beetle invasion, since desiccated beetles 
have been shown to have the ability to 
discriminate among flours containing dif- 
ferent amounts of moisture. Thus damp 
storage conditions might tend to foster 
high initial infestations by attracting des- 
iccated migratory beetles. Moist storage 
conditions in turn could contribute to a 
more rapid population increase since 
Holdaway (1932) has shown that the pop- 
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SummMary.—The reactions of adults of 
T. castaneum toward water and flour have 
been studied with the aid of an arena in 
which the attractant was placed beneath 
a screen floor. The amount of moisture in 
whole wheat flour was found to be an im- 
portant factor in the attraction of the 
beetles toward this food. The ability of 
the beetles to discriminate among samples 
of flour differing in moisture content by 
2 to 3 per cent over the range of 7 to 15 
per cent moisture was a function of star- 
vation; the flour of highest moisture con- 
tent was the most attractive to beetles 








starved under either dry or moist condi- 
tions, those starved dry being attracted 
more intensely. 


ulation per unit environment of T. con- 
fusum increased 58 per cent when humid- 
ity was raised from 25 to 75 per cent. 
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MarsuHa.u D. Levin To Work IN UTAH 


Marshall D. Levin was recently appointed as 
apiculturist for the U.S.D.A. Division of Bee Cul- 
ture and assigned to the cooperative Legume Seed 
Research Laboratory at Logan, Utah. He will be 
working with George E. Bohart, entomologist, and 
William P. Nye, apiculturist, on pollination of 
legume seed crops by honey bees and wild bees. 

Mr. Levin graduated in entomology from the 
University of Connecticut in 1947 and received his 
master’s degree in entomology at the University of 
Minnesota in 1949. His thesis work on the nutrition 
of honey bees was done under the direction of M. H. 
Haydak. He has had several seasons of experience 
with commercial beekeepers and with the University 
of Minnesota apiaries and also has kept colonies of 
his own since boyhood. 














Application of X-ray Technique to the Detection 
of Internal Insect Infestation of Grain‘ 


Max Miner, Mitrorp R. Lee and Rosert Katz, Kansas 
Agricultural Experiment Station, Manhattan 


During the course of a comprehensive 
investigation of methods for the deter- 
mination of internal insect infestation in 
commercial wheat, radiographic tech- 
niques have been developed at this station 
which provide satisfactory delineation of 
internal infestation. We have applied 
these techniques to the observation of the 
growth of such insects as granary weevil, 
Sitophilus granarius L., and rice weevil, 
Sitophilus oryza L., from the hatching of 
the egg within the kernel through larval 
and pupal growth to emergence as a 
mature insect. Although considerable de- 
tail is always lost in the reproduction of 
radiographs during engraving and print- 
ing, the accompanying figures (1, 2, 3 and 
4) which are radiographs selected to show 
various stages of insect development, give 
clear evidence of the utility of the tech- 
nique. 

Before undertaking this investigation 
of radiographic techniques one of the 





Fig. 1. Radiograph of wheat taken 5 days after 
exposure to rice weevils (Sitophilus oryza L.) 


authors had informal discussions with 
other workers in the field of grain infesta- 
tion to inquire of their experience with x- 
ray techniques. Their advice was that this 
technique would hold little promise due 
to major technical difficulties, and that 
x-ray pictures were highly unsatisfactory. 
Contrary to this advice and after con- 
siderable preliminary investigation, it 
was found that a Machlett cobalt-target 
x-ray diffraction tube with a beryllium 
window was a satisfactory radiation 
source for the purposes of this study. The 
tube was excited to a voltage in the range 
of 12 to 30 k.v. at a current of 8 to 10 m.a. 
Exposure times for samples ranged from 
3 to 5 seconds (inversely with the excita- 
tion voltage). Eastman Type A Industrial 
X-ray film was used. Internally infested 
wheat was prepared by placing a number 
of adult rice weevils in a lot of normal 
commercial wheat for a period of 5 days. 
After the insects were screened out of the 
grain, a number of kernels in which insect 
eggs had been deposited were identified 
and segregated for use in the x-ray study 
by means of the fluorescent staining tech- 
nique specific for the gelatinous insect egg 
plug recently described by Milner et al. 
(1950). The internally infested kernels 
were mounted by means of a thin film of 
rubber cement onto a single thickness of 
photographic black paper. The back of 
this paper formed one light-tight face of 
the film-holding cassette, the kernels be- 
ing in direct contact with a 3.5” X5” sheet 
of x-ray film. A more detailed discussion 
of the radiographic techniques employed 
will be published elsewhere. 
Radiographic examination of the in- 
fested grain was performed daily as the 
insects developed within the kernels. 
Control samples of the same infested 
grain were radiographed at longer inter- 
vals up to 2 weeks as a check on possible 
deleterious effects of radiation on normal 
insect development. No inhibiting effects 
due to the daily radiation were noted. 


_! Contribution No. 189, Department of Milling Industry and 
No. 5, Department of Physics. This research was supported by a 
grant from The Millers’ National Federation, Chicago, Illinois. 
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The internally infested mounted grain 
samples were maintained in a warm room 
(75° F.) throughout the course of the ex- 
periment. 

Figure 1 is a radiograph taken 5 days 
after the introduction of insects to the 
infested grain, immediately after the 
adult insects were screened out. The chan- 
nels in the kernels excavated by the fe- 
male insect for egg-laying are of various 
shapes and are plainly visible within some 
of the kernels. 

Figure 2 (taken 13 days after insect 
infestation) shows an intermediate stage 
in larval development, while figure 3 at 
22 days shows the insect in various stages 
of development, including an unhatched 
egg, larvae at various stages, and pupae. 
Larvae are readily distinguished by their 
spheroidal outline and smooth margins, 
and the fact that they are surrounded by 
the dark void of the feeding cavity. The 
pupal and adult insect stages show a more 
differentiated form, and articulate mar- 
gins. 

Figure 4 was taken 32 days after infes- 
tation, when adult insects had begun to 
emerge from the grain. Adult insects ready 
to emerge from the kernels and kernels 





Fic. 2. Radiograph of wheat taken 13 days after 
exposure to rice weevil (Sitophilus oryza L.) 
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from which fully grown insects have al- 
ready emerged, leaving empty husks, are 
apparent. Particular attention is called to 
circled kernels in this sequence of 4 radio- 
graphs in which the development of the 
insect may be studied. Since the position 
of the grains was fixed, development of an 
insect in any kernel may be followed read- 
ily. We found the circled kernel marked A 
quite interesting for here, two larvae were 
present in figure 2, while later radiographs 
show that only one insect matured. Our 
radiographs do not tell the fate of the 
second larva. 

Figure 5 is an ordinary photograph of 
the mounted grain taken 40 days after 
infestation, when insect emergence was 
virtually complete. It is to be noted that 
except for the hole from which the adult 
insect emerged, and the surrounding feed- 
ing debris, the kernels appear quite nor- 
mal. No external indication of internal 
infestation appears by any ordinary 
means until emergence actually occurs. 
It is of interest that in spite of the fact 
that all kernels shown in the figures con- 
tained insect egg plugs, which is a pre- 
sumptive test for the presence of an insect 
egg within the kernel, a considerable num- 





Fic. 3. Radiograph of wheat taken 22 days after 
exposure to rice weevil (Sitophilus oryza L.) 
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Fic. 4. Radiograph of wheat taken 32 days after 
exposure to rice weevil, (Sitophilus oryza L.) 


ber of kernels failed to show any develop- 
ment of insects. This was also true in the 
case of controls which were examined with 
x-ray less frequently. 

We anticipate that this technique will 
develop into a useful tool for the identi- 
fication of internal infestation in wheat 
and other grains, that it will have applica- 


MILNER eT AL.: X-RAY DetecriIon oF [NsEct INFESTATION 
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Fic. 5.—Ordinary photograph of the wheat shown 
in Figs. 1 to 4, 40 days after exposure to rice weevil. 


tion to studies concerning the physiology 
of insects, and that it will be useful in de- 
termination of the effectiveness of in- 
secticides and insect fumigants on stored 
grain. Further development of the test as 
a technique for grading commercial grain 
is also contemplated. 
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IX tru INTERNATIONAL CONGRESS OF ENTOMOLOGY 


Preliminary announcement of the [Xth Interna- 
tional Congress of Entomology, to be held in Amster- 
dam, August 17-24, 1951, has been distributed and 
some information on plans has been sent out by 
Dr. S. Leefmans who is heading the organization of 
the Congress. Although this important international 
meeting will not convene for nearly a year, it is de- 
sirable that American entomologists give considera- 
tion to attendance at the meetings and to contribu- 
tions they may make to the program. The Congress 
will be made up of 14 sections covering all aspects 
of the subject. 

The Bureau of Entomology and Plant Quarantine 


has indicated to those organizing the meeting that it 
will be glad to facilitate the participation of Ameri- 
can entomologists in so far as possible. It is probable 
that the Bureau could arrange for a certain number 
of American entomologists, who expect to attend 
the Congress at their own expense, to be designated 
as official representatives of this country. Ento- 
mologists who plan to attend this Congress might care 
to communicate with Mr. Avery S. Hoyt, Chief of 
the Bureau of Entomology and Plant Quarantine, 
Washington 25, D. C., regarding their plans to at- 
tend and the nature of their participation in the 
program. 














SCIENTIFIC NOTES 


Comparative Initial Effect of Insecti- 
cides in Control of Japanese 
Beetle Grubs 


J. B. Pottvka, Ohio Agricultural Experiment 
Station, Wooster 


The larva of the Japanese beetle, Popillia japonica 
Newm., has damaged turf in several sections in 
Ohio during the past 10 years. However, during that 
period this insect has not caused severe damage to 
all grassy areas, The turf that was shaded for the 
greater part of the day escaped serious injury, but 
turf that was kept fairly moist and was exposed to 
the sun during the middle of the day seldom es- 
caped damage. When severe damage appears in 
local areas, gardeners like to get an immediate re- 
sponse from insecticides used. 

It has been known for some time that it is pos- 
sible to kill the grubs in the turf by applying an 
insecticide, and that some insecticides will grub- 
proof the soil for several years. (Polivka, 1947, 1 & 
2.) At the present time there are several insecticides 
on the market that can be used for this purpose, 
However, they are not all equal in the rapidity 
with which they kill the grubs. This paper is in- 
tended to show the relative quickness of kill of 
these insecticides when they are applied at various 
times during the year. 

EXPERIMENT IN GuERNSEY County.—In the fall 
of 1948, an experiment was established in a pasture 
in Guernsey County using four different insecticides 
at a single level. This experiment as originally set 
up was repeated on three dates, September 1 and 
30, and November 2. All treatments were repli- 
cated five times with each plot consisting of 100 
square feet. To simplify the distribution and to get 
a uniform coverage of the insecticide on each area, 
the amount of insecticide for each plot was mixed 
with 2 pounds of milorganite and broadcast with a 
small fertilizer spreader. These plots were sampled 
on June 1, 1949, when three, one-third square foot, 
areas in each plot were examined for grubs. The 
data in table 1 show the result of these examinations. 

The plots treated with DDT on September 1, 
with chlordane on September 1 and 30, and with 
toxaphene on September 1 and 30, were signifi- 
cantly better than the untreated plots. 

In comparing the performance of these materials 
still further, the data indicate that lead arsenate 
should be applied before September 1, DDT should 


Table 1.—Effectiveness of insecticides on 
June 1 when applied on September 1, September 
30, and November 2 of the preceding year. 








Pounps Grus PopvuLaTION PER SquaRE Foor, 











PER ACRE June 1, on Piots TrEAaTED 
(Tecunt- 

TOXICANT CAL) Sept. 1 Sept. 30 Nov. 2 
Lead arsenate 500.0 6.0 9.2 8.6 
DDT 25.0 1.4 5.4 8.8 
Chlordane 9.6 Q.§ 2.0 7.0 
Toxaphene 20.0 1.6 3.6 5.2 
Untreated _ 9.6 11.8 11.6 





L.S.D. at"the’5 per cent level = 


be applied before September 30, and chlordane 
and toxaphene should be applied before November 
2,in order toreduce the grub population significantly 
by June 1 of the following year. 

EXPERIMENT IN CoLuMBIANA County.—An ex- 
periment was established in a cemetery at Wells- 
ville, in Columbiana County, to determine the 
comparative effectiveness of two levels of DDT, 
chlordane, and parathion when applied at three 
different times during the year, namely, April 11, 
June 9, and August 10. 

All plots consisted of 100 square feet with each 
treatment replicated four times at each of the dates 
of application. The method of applying the insecti- 
cide was the same as in the previous experiment. 

These plots were sampled on September 30, 1949, 
when three, one-third square foot, samples were 
taken in each plot and examined for grubs. The re- 
sults are shown in table 2. 


Table 2.—Effectiveness of insecticides when 
applied at three different times during the sum- 
mer. 








Grus Popu.aTIoN PER SquaRE Foor 








Pounps Sept. 30, on Pilots TrReaTEeD 
PER ACRE 
Toxicant (TECHNICAL) ~ April 11 June 9 Aug. 10 

DDT 12.5 1.8 4.5 5.3 
DDT 25.0 0.5 3.3 8.0 
Chlordane 5.0 0.0 0.0 1.8 
Chlordane 10.0 0.0 0.0 0.8 
Parathion 1.0 0.3 1.5 1.8 
Parathion 5.0 0.0 0.3 0.3 
Untreated _ 17.5 13.3 14.8 





L.S.D. at 5 per cent level = 


It may be noted that all treated plots had sig- 
nificantly fewer grubs than the untreated plots 
regardless of the material used or the date of ap- 
plication, but all chlordane and parathion applica- 
tions were much more effective than the corres- 
ponding DDT applications. Any treatment with an 
average of less than two grubs per square foot was 
considered as being very effective in controlling the 
grubs of the Japanese beetle. 

Summary.—In all of the plots, a considerable 
number of the current season’s grubs survived late 
fall application of insecticides. However, significant 
reduction in the number of larvae was obtained by 
June 1 of the following year in the plots treated 
with DDT as late as September 1 and with chlordane 
and toxaphene September 30. In the second experi- 
ment quickest kill was obtained from the parathion 
and chlordane treatments, although the April, 
June, and August applications of most of the 
insecticides had .practically eliminated the grubs 
by September 30. 
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DDT-Resistant Flies in Oregon’ 


A. R. Rortn, U.S.D.A., Agr. Res. Adm., Bu- 
reau of Entomology and Plant Quarantine, 
AND Don C. Morte, Oregon State College® 


In September 1949 it was reported that DDT 
residual spray was giving poor control of house flies 
(musca domestica L.) in one of the hog barns at Ore- 
gon State College. To determine the degree of re- 
sistance, laboratory tests were conducted on about 
150 flies collected from the barn on September 29. 
These flies oviposited freely and a small random sam- 
ple of eggs was saved for rearing. 

This barn was first sprayed in 1944, when a 5 per 
cent DDT solution was applied with a high-pressure 
spray outfit. A 5 per cent DDT fog spray was dis- 
charged in the barn with an aerosol generator in 
1945, a technical benzene hexachloride spray con- 
taining 1 per cent of the gamma isomer in 1946, and 
a 5 per cent DDT spray in 1947. In June 1949 a 
DDT spray was applied with a high-pressure sprayer 
(400 Ibs.). A spray mixture of DDT and chlordane 
was applied in August. At this time it was evident 
that fly control was not being obtained. 

The first-generation adults were tested on a DDT 
residue applied in a jar at the rate of 10 mg. per 
square foot. Several tests showed that a 10-minute 
exposure produced no mortality in 24 hours, whereas 
a 92 per cent kill was produced with regular colony 
flies. When the flies were exposed continuously to a 
10-mg. dosage, all the regular-colony flies were 
knocked down in 63 minutes, but only 96 per cent of 
the resistant flies were knocked down in a full 24- 
hour exposure. It was evident that the strain of flies 
collected in the hog barn was highly resistant to 
DDT. This colony is hereafter referred to as the Cor- 
vallis resistant strain. 

This strain of flies was continued in the labora- 
tory, and at intervals tests were made to compare 
them with regular colony flies on DDT residues. The 


Table 1.—Mortality of Corvallis resistant and 
regular-colony strains of house flies in 24 hours 
caused by DDT residues at various exposures 
and dosages. [Average of 3 to 5 tests.] 








CorvaLuis Resistant 
COLONY 


Reeuiar CoLony 

Check for Check for 
Seventh Third Seventh 
Genera- Genera- _Genera- 

tion tion tion 


Third 
DosaGE or Genera- 
Exposure tion 
Milligrams per 
Square Foot 


Per Cent Per Cent Per Cent Per Cent 
Constant exposure for 10 minutes 
25 _— — 15 


5 


0. 
3. 
2.8 
5 
10 


79 95 
Constant dosage of 10 mg. per square foot 
Minutes 
0.625 
1.25 
2.5 
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data in table 1 give results of tests with the third and 
seventh generations of the flies. Two methods were 
utilized: (1) Flies were exposed for a constant time of 
10 minutes to dosages vraying from 0.625 to 160 mg. 
per square foot; and (2) a constant dosage of 10 mg. 
per square foot was used, but the exposure varied 
from less than 1 minute to 320 minutes. The sex ratio 
was about equal in all tests. After the flies were ex- 
posed for the predetermined time, they were re- 
moved to clean containers, where a count of dead 
and alive was made after 24 hours. The data for the 
third-generation flies show that a 2.5 mg. dosage 
killed 85 per cent of the regular flies, but a dosage of 
160 mg. (64 times greater) killed only 79 per cent of 
the resistant flies. With a dosage of 10 mg. and vari- 
ous lengths of expsoure, 92 per cent of the Corvallis 
resistant flies were killed after a 320-minute expos- 
ure, whereas 93 per cent of the regular-colony flies 
were killed after contact of less than 1 minute with 
the residue. The seventh generation showed a con- 
siderable lowering of resistance to DDT. A 160 mg. 
dosage produced a 95 per cent kill, whereas the regu- 
lar colony flies showed a 98 per cent mortality at the 
20 mg. dosage. An exposure of 160 minutes gave 100 
per cent kill of the Corvallis resistant flies, whereas a 
20-minute esposure gave a 98 per cent mortality of 
the regular flies. 


Table 2.—Mortality of regular-colony and Cor- 
vallis resistant strain of house flies exposed to 
chlordane and lindane residues. [Exposure time 
10 minutes.] 








Morrauity 1n 24 Hours 





Corvallis 
Resistant 


Per Cent 


Regular 
Colony 


INSECTI- 


CIDE DosaGE 





Milligrams __ Per Cent 
per Square 
Foot 
5 93 
.0 100 


Chlordane 


062 55 


Lindane 0. 
0.4 100 





Some of the third-generation flies were tested on a 
chlordane residue at 0.25 mg. per square foot. A 10- 
minute exposure gave a 32 per cent kill, compared 
with 58 to 72 per cent mortality with regular colony 
flies. In continuous exposure all regular-colony flies 
were knocked down in 97 minutes, whereas the Cor- 
vallis resistant flies were knocked down in 70 min- 
utes. These and other tests (with eighth-generation 
flies) indicated that the resistant strain was some- 
what less resistant to chlordane than the regular col- 
ony flies. Table 2 shows the results of tests with 
chlordane and lindane on the flies. 

As far as is known, this is the first demonstration 
that flies resistant to DDT occur in Oregon, although 
reports have indicated that occasional poor control 
has been obtained. Reports strongly indicate that 
resistance is not generally distributed. 


1 Published as technical paper No. 637 with the approval of 
the Director of the Oregon Agricultural Experiment Station. 

2 Acknowledgment is made to H. E. Morrison, assistant ento- 
mologist, and R. W. Lauderdale, graduate assistant, Oregon 
— College, who discovered the difficulty of fly control in the 

arn. 
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The Relationship of Molecular Weight 
to Insecticidal Activity 


kK. E. Kenaca, The Dow Chemical Co., 
Midland, Michigan 


Entomological literature contains many theories 
regarding the mode of action of various insecticides. 
The main conclusion that can be drawn from these 
theories is that little is known concerning the exact 
manner by which a chemical kills an insect. It can be 
assumed that there are a number of essential life 
mechanisms which, if upset, will result in eventual 
death to the insect. It is probable that one or more of 
the various enzyme systems important in digestive, 
respiratory and nerve functions are affected. 

Knowledge of the means by which chemicals kill 
insects would probably be of great value in designing 
and developing new insecticides. However, without 
this information as a guide the next best approach 
may be that of studying critically the compounds of 
known insecticidal activity. Although there are 
many physical and chemical properties of insecticides 
which may be examined, this study is limited to only 
one phase; that of molecular weight as related to in- 
secticidal activity. 

Riemschneider (1947) tested about 32 types of 
halohydrocarbons including DDT and related com- 
pounds against the sheep tick, Melophagus ovinus L., 
as “contact” insecticides. With this limited number 
and variety of compounds he assumed 270 to be the 
lower limit of molecular weight and approximately 
360 to 430 to be the upper limit for compounds pos- 
sessing good insecticidal activity, with 360 being the 
upper limit for the best contact insecticide. The re- 
sult of this work indicates that there is a relationship 
between molecular weight and insecticidal activity 
of closely related compounds against a single insect. 
In the present study it is shown that a close relation- 
ship exists between the molecular weight of a 
heterogeneous group of chemical structures and their 
toxicity to several types of insects. 

Qua.iricatTions.—In order to delineate the field 
of this certain qualifications must be made: 

1. This study is restricted to organic insecticides. 
Included as the basis of insecticidal activity are the 
various commercial and experimental insecticides. 
The most active, practical insecticides have been se- 
lected over a period of years from the results of many 
separate screening programs, both academic and in- 
dustrial. By using these compounds a wide variety of 
chemical structures is available from which to make 
a correlation study. Organic salts are excluded be- 
cause the salts of many acids and phenols are not es- 
sentially different in toxicity to insects than the re- 
spective acids and phenols and thus can not be cor- 
related with molecular weight. 

2. Insecticidal activity is based on the toxicity of 
the various chemicals to three representative insects 
and one mite using the procedure as outlined in the 
test methods and materials. 

3. Insecticidal ratings are based on the approxi- 
mate minimum dosage necessary to kill 100 per cent 
of each of the four representative pests. The ratings 
are in order of decreasing activity as follows: 

E = Excellent—0.0625 pounds or less per 100 gal- 

lons of water 

G = Good—0.125 to 0.25 pounds per 100 gallons 

F=Fair—0.5 to 1.0 pounds per 100 gallons 

P= Poor—more than 1.0 pound per 100 gallons 

Test Metuops AND MATERIALS.—A variety of in- 
secticides such as are included in this study requires 
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a variety of compositions. Commercial preparations 
were used where possible because they are often best 
suited to the physical and chemical properties of the 
compound. These were mainly wettable powders or 
emulsifiable liquid concentrates. 

Two chewing insects, the Mexican bean beetle, 
Epilachna varivestis Muls., and southern army worm, 
Prodenia eridania (Cram.), were used for stomach 
poison tests and possess an acid and an alkaline gut 
respectively. This allows for a possible breakdown 
of the insecticide chemically if it is unstable in either 
acid or alkaline conditions. Cranberry bean plants 
were dipped momentarily with third instar larvae of 
both species, the different species being placed on 
separate plants. 

Two sucking pests, the bean aphid, Aphis fabae 
Scop., and the two-spotted spider mite, Tetranychus 
bimaculatus Harvey, both representing major eco- 
nomic groups were used for contact tests of pests. 
Cranberry bean and nasturtium plants respectively 
were infested with mite adults and eggs and aphid 
nymphs and adults the day previous to dipping in 
the insecticidal dispersion. 

Insect mortality counts were taken 3 to 6 days 
after application of the insecticide and corrected for 
natural mortality by the use of Abbott’s formula. 

With this background in mind a table of insecti- 
cides and their activity against the various insects 
was drawn up in the order of increasing molecular 
weight. The molecular weight was calculated to the 
nearest whole number. 

Resuuts.—On the basis of resulfs shown in table 1 
it will be noted that the molecular weight range of 
the insecticides is from 154 to 414. The range of the 
most active insecticides (rating of E) is from 240 to 
414. Excellent insecticides containing nitrogen have 
a lower molecular weight range (240-324) than chlo- 
rine-containing compounds (291-414). Another item 
of interest is that the specificity of these insecticides 
undergoes a gradual change with the increase in 
molecular weight. The lower molecular weight com- 
pounds tend to be active against sucking insects, 
killing aphids or mites or both. As the molecular 
weight increases to 290 there are compounds which 
are active on both chewing and sucking insects, In 
progressing to heavier molecules the activity tends 
to shift away from the general type over to activity 
against the chewing insects. 

Discussion.—Some scientists may ask what pos- 
sible connection there is between an overall, nonspe- 
cific property of a molecule such as molecular weight 
and the highly specialized properties possessed by a 
good insecticide. Certainly only a few compounds 
falling within the specified molecular weight range 
are good insecticides. Perhaps, however, molecular 
weight may serve as an index of certain other as yet 
undetermined properties which reach a balance fa- 
vorable to insecticidal action in the range which has 
been discussed. For example, high volatility and 
solubility which are associated with low molecular 
weight compounds are a limiting factor since the 
compounds may escape from the zone of action be- 
fore they can be effective against the insect. The up- 
per limit of molecular weight may be delimited by 
the inability of a heavy molecule to penetrate or dis- 
solve in, insect cells and fluids. Other properties also 
appear to require the striking of a balance in the 
molecule. For example, it is suspected that most in- 
secticidal compounds have solubilizing and pene- 
trating groups which are necessary in addition to the 
toxic group (whatever that may be). 
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Table 1.—The relationship of molecular weight to insecticidal activity. 








INSECTICIDAL RATING 





Bean Mexican So 








Mo.eEc- Aphid Bean Army 
ULAR 2-Spot. Spider Nand Beetle Worm 
Compounp NAME Weicut Mite A and E A L L 
bis(dimethyl amino) fluoro phosphine oxide 154 G! P F iy Pp 
nicotine 162 P P P P P 
azobenzene 182 F G P P P 
2,4-dinitro-6-methyl phenol 198 F P F P P 
phenothiazine 199 P P P F P 
phenothioxin 200 F P F P r 
8 (n-butoxy) 8’ (thiocyano) diethy] ether 203 is P P P P 
S-carbamy] methyl-0,0-dimethy! dithiophosphate 215 G P F P iy 
chloromethyl p-chloropheny] sulfone 225 F P P F P 
4,6-dinitro-2-sec. butyl phenol 240 E F F P P 
1,1 di(x-chlorophenyl) ethane 251 F P F Pp P 
isoborny] thiocyanoacetate 255 P P ly iy 4 
0,0-dimethyl-S-a-mercapto acetyl urea dithiophos- 
phate 258 E P F G ly 
0,0-dimethyl 0-p-nitropheny! thiophosphate 263 G P . E Y 
4,6-dinitro-2-cyclohexylphenol 265 E F P F P 
4,4’ dichloro a-methyl benzohydrol 267 G F P P 3 
bis(p-chlorophenoxy) methane 269 F G r F P 
lauryl-2-thiazoliny] sulfide 285 F F P F P 
octamethylpyrophosphoric tetraamide 286 G P F ly ls 
bis (p-chloropheny]l) sulfone 287 P P P F F 
tetraethyl pyrophosphate 290 7 P G P P 
gamma isomer of hexachlorocyclohexane (lindane) 291 P P F G E 
0,0-diethyl 0-p-nitrophenyl thiophosphate 291. y F E Y » 
allethrin (allyl homologue of cinerin I) 301 P ls F F Vy 
2,4-dichlorophenylbenzenesulfonate 303 P F ly y Pp 
p-chloropheny! p-chlorobenzene sulfonate 303 P E P F F 
2-nitro-1,1-bis-(p-chloropheny]) propane and butane 
mixture 310-324 rE P P E E 
4-chloro-4’-nitrobenzenesulfonanilide 312 P P 4 Is F 
pyrethrum (pyrethins and cinerins I and IT) 316-372 P F G E P 
1,1-dichloro 2,2-bis (p-chlorophenyl) ethane 320 F | ls F E 
0,0-diethyl 0-(2-oxo-1, 2H-benzopyran-7-yl) thio- 
phosphate 322 E P P E F 
tetraethyl dithiopyrophosphate 322 G ly F F P 
0-ethyl 0-p-nitrophenyl benzene thiophosphonate 323 E F F E E 
8-chloroethyl 8(p-tert. butyl phenoxy) a-methyl 
ethyl] sulfite 334 E r ly r ls 
1,1,1,-trichloro 2,2-bis (p-methoxyphenyl) ethane 345 P P ig G F 
1,1,1-trichloro 2,2-bis (p-chlorophenyl) ethane 354 P ¥ F F E 
sabadilla 362 P P P P P 
2,4-dinitro 6-octylphenyl crotonate 364 G F P F ls 
1,2,3,4,10,10-hexachloro-1:4, 5:8-diendomethano- 
1,4,4a,5,8,8a hexahydronapthalene (aldrin) 365 P P | F G 
1 (or $a),4,5,6,7,8,8-heptachloro-3a,4,7,7a tetrahy- 
dro-4,7-methano-indine 373 P P P r E 


1,2,3,4,10,10-hexachloro-6,7 epoxy-1,4,4a,5,6,7,8,8a 
octahydro-1:4, 5:8 diendomethano naphthalene 


(dieldrin) 381 P 2 F G E 
rotenone 394 P P G E 3 
1,2,4,5,6,7,8,8-octachloro-2,3,3a,4,7,7a-hexahydro-4, 

7-methanoindene (chlordane) 410 F P F F F 
chlorinated camphene (toxaphene) 414 P P G G E 





1 KE =excellent, G=good, F =fair, P =poor. 


SumMMARY AND Conciuston.—In achieving a bal- tact” poisons and high molecular weight insecticides 
ance of favorable physical and chemical functions _ tend to be “stomach” poisons. 
the best insecticidal molecules appear to have a 
molecular weight that most frequently falls between 
240 and 414. The farther out of this range a chemical 
is, the less likely it is to be insecticidal and if insec- Riemschneider, R. 1947. Konstitution and Wirk- 
ticidal it is more likely to be specific to a few insects. ung von Insektiziden. Seifensieder Zeitung 
Low molecular weight insecticides tend to be ‘“‘con- 73(4): Chem.-tech. Fabr. 43(4): 73-4. 
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Comparative Toxicity of Vapors of 
Four Organic Phosphates to Chrys- 
anthemum Aphid and Two-Spotted 
Spider Mite 


R. A. Fuuton, Firoyp F. Smita, anp M. S. Kon- 
gckY, U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


Because hexaethyl tetraphosphate in aerosols 
killed the two-spotted spider mite and aphids in 
interstices of plant buds, it appeared to act as a 
fumigant (Smith et al., 1947). This material gave 
better control of insects and mites and less plant 
injury when applied in dilute aerosols of the finest 
particles. Spider mites placed in treated areas 2 
hours after the aerosol had been released showed 
mortalities in three replicated tests of 46, 98, and 
72 per cent (Fulton et al., 1949). On the basis of 
known falling rates of particles in the aerosol range, 
the number that would be left after this period would 
be quite small. In other experiments mortalities 
occurred among spider mites and aphids placed in 
parathion-treated greenhouses for 24 days or 
longer after treatment (Smith et al., 1948). 

The present paper reports on results with air 
saturated with vapors from tetraethyl pyrophos- 
phate (38 to 40 per cent), hexaethyl tetraphosphate 
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(12 to 15 per cent tetraethyl pyrophosphate), tetra- 
ethyl dithiopyrophosphate (technical), or parathion 
(98 to 99 per cent) to determine whether the toxic 
vapors present in the air may account for the de- 
layed mortality. The comparative effect of air 
saturated with these vapors on resistant and non- 
resistant strains of spider mites and on aphids was 
also determined. 

Meruops.—The apparatus for saturating the air 
consisted of a fine-gritted glass bubbling unit con- 
taining the insecticide through which the air was 
passed at the rate of 0.5 liter per minute. The air 
from the bubbling unit was then passed through a 
glass tower filled with glass beads and glass helices. 
The glass beads and helices were kept wet with the 
same insecticide through which the air was being 
passed. The purpose of the tower was to remove 
small particles of insecticide which might be carried 
in the air stream. The column was connected to a 
large vacuum desiccator with glass tubing of 25 
mm. inside diameter. The air from the desiccator 
was then exhausted into a chemical hood. The 
entire unit was placed in a constant-temperature 
cabinet held at 85° F. Aphids Macrosiphoniella 
sanborni (Gill.) and two-spotted spider mites, 
Tetranychus bimaculatus Harvey, on freshly infested 
leaves were placed in the desiccator for the inter- 
vals shown in Table 1. The resistant and non- 


Table 1.—Mortality of aphids and non resistant and resistant mites exposed to vapors of four organic 


























phospates. 
APHIDS Non Resistant MItTEs Resistant Mires 
Num- Per Number Per Cent Number Per Cent 
Expo- ber Cent Examined Mortality Examined Mortality 
suRE, Exam- Mortal- ——————— ——————_—_—_- —___ - 
MINuTEs _ ined ity Adult Larvae Adult Larvae Adult Larvae Adult Larvae 
Hexaethyl tetraphosphate 
5 328 19 162 779 2 11 — ean — “— 
15 302 59 288 830 24 36 = ars — 
30 321 88 195 883 73 88 436 709 2 10 
60 — — 211 971 86 96 523 481 6 14 
120 _ — 136 214 TT 94 146 250 Q7 28 
210 — ee —_ co — — 132 155 32 59 
Tetraethyl pyrophosphate 
5 217 100 134 230 85 81 — — — ss 
15 — A 179 162 100 100 = = — -- 
30 - _ — — 189 170 22 38 
60 — - — _ 174 157 34 74 
90 - — —_— — 65 85 52 eu 
120 - — — — 71 381 83 99 
Tetraethyl dithiopyrophosphate 
5 228 100 S4 129 100 100 97 23 3 4 
10 — 100 84 100 99 85 77 9 18 
15 - 106 140 100 100 73 29 16 72 
60 - — —_ _— 67 224 49 90 
120 —_ — — _ 142 216 90 97 
Parathion 

5 434 95 - —- - - 

10 359 100 
15 362 100 — 
30 — — 222 235 36 77 218 172 + 3 
45 — So 113 182 73 92 110 183 5 8 
60 — — 132 318 59 93 176 95 6 22 
120 —_— 141 521 94 97 186 173 11 32 
180 _— _— 7 179 99 100 261 243 8 15 
420 — — 52 175 100 100 157 239 10 20 
— _ — _ — — 81 181 41 67 
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resistant mites were of the same strains as reported 
previously (Smith & Fulton 1949). 

Resuts.—The results of the exposures of aphids 
and spider mites to the vapors of the four materials 
are given in table 1. 

In these experiments tetraethyl pyrophosphate 
caused a higher mortality of aphids and mites at 
shorter exposures than did hexaethyl tetraphos- 
phate, as has been observed from aerosols released 
in greenhouses. All the aphids in the experimental 
lot were killed by tetraethyl pyrophosphate in 5 
minutes, and all the adults and larvae of non-re- 
sistant mites in 15 minutes. However at the end 
of 120 minutes only 83 per cent of the adults and 
99 per cent of the larvae of the resistant mites had 
been affected. 

In experiments with technical tetraethyl dithiopy- 
rophosphate, all the aphids and nonresistant mites 
were killed in 5 minutes. After 120 minutes the 
mortality of resistant mites approximated the results 
with tetraethyl pyrophosphate. Tetraethy] dithiopy- 
rophosphate also has a slower hydrolysis rate than 
tetraethyl pyrophosphate. 

In tests with parathion the rate of kill was slow 
compared with that of tetraethyl pyrophosphate or 
tetraethyl dithiopyrophosphate. The results show 
that in the practical use of parathion the maximum 
effect from the vapors is obtained by keeping the 
treated greenhouse unit closed for long periods, 
These results also show that even at exposures of 
16 hours the vapors of parathion have low toxicity 
to the resistant strain of mites. The concentration 
of the vapor in the saturated air used in these tests 
was much higher than could be expected in a green- 
house where the air exchange is comparatively 
rapid. 

Conciusion.—The data presented show that 
air saturated with vapors from tetraethyl pyro- 
phosphate, hexaethyl tetraphosphate, tetraethyl 
dithiopyrophosphate, or parathion produces sig- 
nificant mortalities of the chrysanthemum aphid 
and the two-spotted mite. The results obtained with 
the vapors of these phosphorus-containing insecti- 
cides corroborate indications from experiments with 
greenhouse aerosols. When used as aerosols these 
chemicals act by both contact and fumigation. The 
relatively slower killing action of parathion and its 
ineffectiveness against the resistant strain of the 
two-spotted mite have been demonstrated. 
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DDT Residues in Soil 


R. D. Cutsuotm, L. Kosuitsxy, J. E. Fanny, and 
W. E. Westuake, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


When DDT sprays or dusts are applied in con- 
nection with agricultural insect-control programs, 
portions fall onto the ground either directly or as 
run-off of any excess spray. Residues from the spray 
or dust and fallen leaves and fruit bearing residues 
may accumulate in the ground cover or debris, or 
they may be mixed with the soil by cultivation. 
Thus, a large proportion of the DDT applied may 
be deposited on the ground or become mixed with 
the soil. Since it is often the practice to apply DDT 
every year, it was considered desirable to determine 
by chemical analysis the amount of this insecticide 
deposited in the soil annually and the rate of build- 
up of the residues at different depths. Such determi- 
nations have been made for as long as 4 years at 
Vincennes, Ind., Moorestown, N. J., Poughkeepsie, 
N. Y., and Yakima, Wash.,! and are planned to be 
continued. A summary of the results obtained in 
1949 is presented in this paper. 

Mertnops.—Various sampling and analytical 
methods are in use at the several laboratories. At 
Vincennes the debris with a shallow layer of soil 
is removed from 2 locations 0.5-foot square in area 
under each apple tree, and then the layers 1 to 3 
inches and 3 to 7 inches deep are removed. Com- 
posites of each layer are subsampled and analyzed 
by the total organic chlorine method described by 
Umbhoefer (1943). The total chlorine determined is 
calculated as parts per million or pounds per acre. 

At Moorestown, 50 cores 2 inches in diameter and 
3 inches in depth are taken, 1 under each apple or 
peach tree. Cores from the 3- to 6-inch layer are 
taken by inserting the tool into the holes left on 
removal of the 0- to 3-inch cores. Ten cores from 
the top 3 inches are taken under each of five elm 
trees. Fifty similar cores are taken at random in a 
cornfield. In all cases composites of the cores are 
subsampled and analyzed for total organic chlorine 
as described by Koblitsky & Chisholm (1949). The 
DDT equivalent to the chlorine determined is 
expressed in pounds per acre. 

At Poughkeepsie, samples are taken under the 
trees (from the top 3-inch layer) by means of a tulip 
bulb setter thoroughly mixed, and screened. Com- 
posites are treated in the same way as the Moores- 
town samples except that the DDT determined is 
expressed as parts per million. 

At Yakima, cores are taken from under apple 
trees by inserting a tube 1.25 inches in diameter 
into the soil to a depth of 3 inches. A composite of 
12 cores taken across the entire area occupied by the 
tree is subsampled and analyzed by the colorimetric 
method described by Claborn (1946). The DDT 
determined is expressed as parts per million. 

A summary of the results obtained in 1949 from 
the analysis of debris and of various soil layers 
under apple and peach trees is presented in table 1. 

Samples taken under elm trees sprayed for three 
seasons in connection with the Dutch elm disease 
control program were found to contain residues 
equivalent to 187 to 194 pounds of DDT per acre, 
or an average of 164 pounds. Samples taken after 


1In many of the cases these were experimental plots of the 
Division of Fruit Insect Investigations. The Poughkeepsie 
cuneiee were taken by D. W. Hamilton. The authors are grateful 
to H. W. Rusk for assistance in the chemical analyses at Vin- 
cennes, 
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removal of the stalks, and after cultivation, from a 
cornfield dusted twice in 1949 were found to contain 
the equivalent of 3.5 pounds of DDT per acre in the 
top 3-inch layer and 2 pounds in the 8- to 6-inch 
layer. 

Since different methods of sampling, analysis, and 
presentation of results were used at the several 
laboratories, in order to provide a common basis for 
comparisons original data expressed in parts per 
million have been converted to equivalent pounds 
per acre. Such calculations were based on the 
weight of an acre of friable soil of average moisture 
content and toa depth of 3 inches being 1 million 
pounds. In cases where organic chlorine was de- 
termined it was assumed that the major portion 
was due to the presence of DDT in the soil. How- 
ever, organic chlorine equivalent to about 2 or 3 
pounds of DDT per acre is often determined in 
3-inch layers of soils that do not contain DDT. 
Since this difference was not considered to be 
important, the total organic chlorine determined was 
expressed as DDT. 

Owing to the great variation in spray formulations 
number of applications, and areas occupied by the 
trees, it was impossible to include in the table the 
amounts of DDT applied in the orchards or to show 
the relation between the aounts applied and them 
amounts determined. 

Table 1 shows that DDT residues accumulate in 
the soil under the trees in orchards, and that their 
concentrations have increased annually throughout 
the several periods of observation. The rate of 
increase has not been constant in the several 
localities, probably because of differences in the 


Table 1.—DDT concentrations in debris and in 
various soil layers under trees in apple and peach 
orchards. 








Pounps or DDT per Acre IN 
INDICATED Som LAYER 








STATE AND YEARS — - 
LocaTION SPRAYED Debris 0 Bis in. $-6 i in. 
‘Apple orchards 
Indiana 1! 5 176. 13.0 5.62 
gi 5 48 
3! 5 176.8 
4) 5 96.8 
5} 5 152.0 
6} 5 151.4 
New Jersey 1 3 23.5 6.5 
2 3 29.5 9.0 
3 2 27.0 5.0 
+ 4 47.0 9.0 
5 4 34.5 7.8 
Washington I! 3 105.28 4.04 
2A 1 14.1 
2B 2 45.6 
2C 3 49.9 
2D + 60.9 
3 3 28.1 
4 3 55.4 
5A $3 90.6 
5B 3 55.9 
6B 3 46.2 
6B 4 58.8 
7A 1 17.4 
7B 2 47.2 
7C 3 79.5 
Peach orchards 
New Jersey 6 3 26.5 10.5 
7 3 37.5 16.0 
8 2 20.5 10.0 
9 2 18.0 7.0 
New York 10 5 116 
11 5 105 





1 Uncultivated orchards; all others were cultivated. 
2 3-7 inches. 

3 0-linch. 

4 1-3 inches. 
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spray or dust programs. The annual increase in 
concentration was demonstrated at locations 2 and 
7 in Washington. In the uncultivated orchards, six 
in Indiana and one in Washington, 90 per cent or 
more of the tolal DDT determined was found on 
the debris or close to the surface of the ground, 
there being little evidence of downward distribution. 
In the cultivated orchards most of the DDT de-) 
termined was found in the top 3 inches of soil. The 
proportions found in the 8- to 6-inch layer appeared 
to be dependent upon depth of cultivation. Since 
the samples were taken under trees, the data are not 
indicative of the average concentrations per acre 
of orchard. It is probable that concentrations be- 
tween the trees are lower than those reported. 
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Parathion, Toxaphene and DDT 
Residues on Peanut Hay 


Eppre B. Vinson and F.S. ARant, Auburn, 


Several organic insecticides have been tested for 
control f peanut insects. Of these, parathion, toxa- 
phene, and DDT appear to be the most promising. 

Parathion, toxaphene, and DDT remain effective 
against certain peanut insects at least several days 
after application (Arant 1948a, 1948b, 1948c). This 
period or duration of effectiveness is desirable from 
the standpoint of insect control. However, long 
retention of toxicity is not desirable on foliage to 
be utilized as feed for warm-blooded animals. 

The use of peanut hay for livestock is a common 
practice in Alabama. When insecticides are applied 
to peanuts for control of insects, a possible danger 
exists when the foliage is later fed to livestock. Aside 
from any possible toxic effect on livestock, the use 
of DDT and toxaphene on forage crops presents 
another possible danger. Work done by Diephuis 
& Dunn (1949) and others shows that toxaphene 
behaves like DDT in that it accumulates in the 
body fat of animals fed toxaphene-treated hay. It 
is not passed in milk as readily as DDT, but both 
insecticides may reach the consumer in meats from 
animals receiving insecticide-treated feed. DDT 
may also reach the consumer in milk. 

During the summer of 1948, an experiment was 
conducted at the Alabama Agricultural Experiment 
Station to determine residues of parathion, toxa- 
phene, and DDT on peanut hay. The experiment 
was designed to obtain information concerning the 
amounts of insecticidal residue that remained on 
peanut hay following a practical dusting program 
under Alabama conditions. Dust concentrations and 
rates of applications used in this experiment were 
those found to be effective in controlling the major 
insect pests of peanuts. 

ProcepuRE.—Twentieth-acre plots of Dixie run- 
ner peanuts were dusted once at the rate of approxi- 
mately 25 pounds per acre with 1 per cent parathion, 
10 per cent toxaphene, and 2 per cent DDT at 9, 
14, 25, and 35 days before harvest. The peanuts 
were harvested and the vines stacked for drying in 


Alabama 
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Table 1.—Parathion toxaphene and DDT residues on peanut hay harvsted by commercial methods. 











Rate OF INTERVAL BE- ToraL RAINFALL Av. AMOUNT 
APPLICATION TWEEN Dusting BETWEEN DustTING ReEsIDUE 
TREATMENT PER ACRE AND HARVESTING AND HARVESTING RECOVERED!” 
Pounds Days Inches p.p.m. 
1% parathion dust $1.2 9 0.0 0.19 
26.4 14 0.0 0.22 
21.6 25 3.48 0.14 
34.0 35 4.11 0.21 
10% toxaphene dust 37.6 9 0.0 23.0 
28.9 14 0.0 9.9 
29.6 25 3.48 6.0 
30.0 35 4.11 4.2 
2% DDT dust 36.0 9 0.0 8.6 
28.6 14 0.0 2.8 
28.5 25 3.48 2.0 
32.6 35 4.11 —0.8 





1 Values corrected for the = angen amount of residue on undusted hay. 


2 The average apparent residu 
chlorine; DDT, 6.7 p.p.m. chlorine. 


the manner employed by commercial peanut pro- 
ducers. The peanuts were picked and the hay baled 
4 weeks later. The baled hay was stored in a tight, 
well-constructed house until residue determinations 
could be made. 

The method used for determining toxaphene and 
DDT residues was essentially the same as that 
outlined by Carter & Hubanks (1946); the ampero- 
metric technique described by Laitinen et al. (1946) 
was employed for the end-point detection during 
the chloride titrations. Parathion residues were 
determined by a modification of the colorimetric 
method outlined by Averell & Norris (1948). The 
only modification made was the use of a Model D 
Beckman Quartz Spectrophotometer instead of a 
colorimeter to measure developed colors. Triplicate 
200-gm. samples from each plot were analyzed. 

Resu.ts.—Results of the determinations of para- 
thion, toxaphene, and DDT residues on baled hay 
are presented in table 1. 

Only traces of parathion were found on hay from 
any dusted plot. Even the 9-day interval between 
dusting and harvesting, together with subsequent 
curing of hay, was sufficient for removal of most of 
the residue. The amount of rain that fell during the 
period between dusting and harvesting had no 
apparent effect on the amount of parathion residues 
remaining on baled hay. 

The amount of toxaphene found on samples of 
baled hay varied from 23 to 4.2 p.p.m., depending 
upon the interval between dusting and harvesting. 
Loss of toxaphene residues was rapid from 9 to 14 
days after dust application but subsequent losses 
were gradual. Marsh (1949) found that hay con- 
taining no more toxaphene than the highest amount 
found on hay in this experiment, 24.2 p.p.m., 
could be safely fed to livestock without producing 
visible toxic effect. Lehman (1948) reported that 
1200 p.p.m. in the diet of rats produced no toxic 
effect in 8 weeks. 

The data presented in table 1 show that DDT 
residues at the various intervals closely paralleled 
toxaphene residues in relative amounts at cor- 
responding intervals, but were lower in absolute 
values. All DDT residues were somewhat lower than 
those found in a previous study (Arant 1948c). 

Summary.—Plots of Dixie runner peanuts were 
dusted at the rate of approximately 25 pounds per 


ue on three samples of undusted hay were as follows: parathion, 0.11 p.p.m.; toxaphene, 6.7 p.p.m 


acre with 1 per cent parathion, 10 per cent toxa- 
phene, and 2 per cent DDT at 9, 14, 25, and 35 
days before harvest. Triplicate 200-gm. samples of 
baled hay from each plot were analyzed for the 
respective insecticidal residues. Less than 0.3 p.p.m. 
parathion was found on hay from any plot dusted 
once with 1 per cent parathion. 

Toxaphene residues varied from 23 p.p.m. on 
hay harvested 9 days after dusting to 4.2 p.p.m. 
when the interval between dusting and harvesting 
was 35 days. DDT residues were smaller in amount 
than toxaphene residues at corresponding intervals, 
ranging from 8.6 to 0.8 p.p.m. Rate of loss of DDT 
on peanut foliage paralleled that of toxaphene. 
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Comparative Resistance of Different 
Instars of Aédes Mosquitoes to 
Chlorinated Hydrocarbon 
Insecticides 


W. W. Yates, U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


— It is often more difficult to obtain satisfactory 
control of mosquitoes in the field when insecticide 
treatments are applied to larvae in the third and 
fourth instars than when they are applied to earlier 
stages. Magy, et al. (1949) found that in California, 
under favorable weather conditions, airplane appli- 
cations of 0.2 pound of DDT per acre killed 95 per 
cent of Aédes dorsalis (Meig.) and A. nigromaculis 
(Ludlow) in the first and second instars but that 
0.3 pound was required to kill the same percentage 
of third and fourth-instar larvae. In 1941 Stage & 
Yates (1941) found that different instars of several 
species of mosquitoes varied considerably in their 
susceptibility to larvicides in use at that time, and 
that the larvae became progressively more resistant 
after each molt. 

In 1949 tests were made at the Corvallis, Oreg., 
laboratory of the Bureau of Entomology and Plant 
Quarantine to determine the comparative toxicity 
of DDT, TDE, and toxaphene on floodwater Aédes 
mosquito larvae of different ages. Approximately 
95 per cent of A. sticticus (Meig.) and 5 per cent of 
A. verans (Meig.) were used in these tests. These 
species are the major pest mosquitoes of the Lower 
Columbia River Valley. DDT and toxaphene were 
also tested against A. dorsalis, an important pest 
mosquito of irrigated and coastal areas. 

Soil collected from breeding areas where no con- 
trol measures had been used was placed in a pan 
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and flooded with lukewarm water; after 24 hours 
the water and first-instar larvae (24 hours old) were 
removed. All the rearing was done at 80 F., and 
all the tests were conducted at this same tem- 
perature. The chemicals were dissolved in acetone, 
and various concentrations of these solutions were 
placed in 300 ml. of tap water. Twenty-five first 
instars or 20 older larvae were placed in each con- 
tainer, and there were three to five replications of 
each dilution on each instar. Eggs of floodwater 
Aédes were available in large numbers, and in all 
but a few tests second-, third-, and fourth-instar 
larvae were obtained from the pan from which the 
first instars were removed. Larvae reached the 
second instar in 48 to 56 hours, the third instar in 
3 days, and the fourth instar in 4 to 5 days. The 
tests with A. dorsalis extended over several weeks 
because the eggs were found in only limited numbers 
in the soil. Mortality counts were made after 24 
and 48 hours, but only the average results for the 
48-hour counts are given in table 1. 

Aédes dorsalis required higher concentrations for 
equivalent kills of all instars than did floodwater 
Aédes. For example, a concentration of 0.001 p.p.m. 
of DDT killed 97 per cent first-instar floodwater 
Aédes and only 22 per cent A. dorsalis. On fourth- 
instar larvae a concentration of 0.005 p.p.m. killed 
71 per cent and 49 per cent, respectively. The con- 
centrations required for equivalent kills with all the 
chemicals increased as the larvae increased in size. 
The differences in susceptibility are more pro- 
nounced between second and third instars than 
between first and second or third.and fourth. DDT 
killed 97 per cent of the first instars of floodwater 
Aédes at a concentration of 0.001 p.p.m. and 99 
per cent of the second instars at 0.00125 p.p.m. 
At 0.005 p.p.m., 98 per cent of the third and 71 


Table 1.—Per cent mortality in 48 hours of different instars of Aedes mosquitoes exposed to acetone 


solutions of DDT, TDE and toxaphene. 




















FLOODWATER Aédes' Aédes dorsalis 
COoNCEN- — 
TRATION First Second Third Fourth First Second Third Fourth 

INSECTICIDE (P.P.M.) instar instar instar instar instar instar instar instar 
DDT 0.00033 48 

.0005 93 6 

.001 97 84 22 45 

.00125 100 99 0 59 68 

.00167 100 100 14 81 64 

0025 — 100 49 20 — 74 42 

005 - — 98 71 — 79 49 

.01 - - — 99 95 63 
TDE .001 30 

.00125 90 3 

.00167 95 18 

0025 100 45 15 

005 — 98 49 40 

.O1 — — 81 76 
Toxaphene 0.001 23 16 

.00125 49 29 37 46 

.00167 43 56 7 72 63 

. 0025 87 51 20 5 —_ 65 

.005 — 96 21 10 — — 67 50 

.01 — —_— 52 28 
Untreated checks 3 10 7 5 4 20 10 10 

verans. 


195 per cent A. sticticus: 5 per cent A. 
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per cent of the fourth instars were killed. Ninety- 
nine per cent of the fourth-instar larvae were killed 
at a concentration of 0.01 p.p.m., a dosage 10 times 
that used on first instars with a 97 per cent kill. 
TDE showed nearly as great a range in toxicity as 
DDT. 

Toxaphene was about as toxic to second instars 
as to first instars of both types of mosquitoes. DDT 
was also equally toxic to these instars of Aédes 
dorsalis, and the difference in the concentrations 
required to kill first instars and fourth instars was 
less than for floodwater Aédes. For example, on 
A. dorsalis a concentration of DDT at 0.00167 
p.p.m. killed 81 per cent of the first-instar larvae 
and 64 per cent of the third, whereas 6 times as 
much, or 0.01 p.p.m., killed 95 per cent of the third 
and 63 per cent of the fourth instars. About eight 
times more toxaphene was required to kill fourth- 
instar floodwater Aédes than first and second instars. 
About four times more toxaphene was required to 
kill A. dorsalis. 

These results show that field control of mosquito 
larvae will be better and that less toxicant will be 
required if infested areas can be treated while 
larvae are still in the first or second instars. They 
also show why pretreatment of breeding areas prior 
to flooding has proved successful. The amount re- 
quired to kill newly hatched larvae is so small that 
much of the applied dosage can be lost and still 
enough remains to be effective. Yates & Gjullin 
(1947) found that areas pretreated with 3 pounds 
of DDT and flooded twice with several feet of water 
retained enough poison 9 months later to kill newly 
hatched larvae. 
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Tests of Liquefied-Gas Aerosols Used 
in Conjunction with Hydrocyanic Acid 
Fumigation to Control Citrus 


Red Mite 


Harotp R. Yust, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


The citrus red mite, Paratetranychus citri (McG.), 
is a serious pest of citrus in southern California. It 
is not controlled by fumigation with hydrocyanic 
acid, and some growers have discontinued fumiga- 
tion for California red scale, Aonidiella aurantii 
(Mask.), because of the expense of separate treat- 
ments for mites and scales. A treatment that can 
be used in conjunction with fumigation for combined 
scale and mite control is needed to provide a more 
economical control program. In 1947 and 1948 
toxicants in liquefied-gas aerosols were tested against 
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the citrus red mite under fumigation tents to de- 
termine whether the aerosols might be used effec- 
tively with hydrocyanic acid fumigation for this 
purpose. 

Hexaethyl _tetraphosphate, _1,1-bis(p-chloro- 
re pore wee and parathion in liquefied-gas 
aerosols,' as developed for greenhouse crops (Smith 
et al. 1948), were tested against citrus red mites 
and their eggs on leaves a fruits in the Whittier, 
Calif., laboratory of the Bureau of Entomology 
and Plant Quarantine and in the field. The methane 
compound? and parathion aerosols contained 10 per 
cent of toxicant, 10 per cent of acetone and 80 per 
cent of methyl chloride, and the hexaethyl tetra- 
phosphate aerosol contained 10 per cent of toxicant 
and 90 per cent of methyl chloride. 

In preliminary tests the infested host material 
was treated under tent-covered tree forms of about 
2000 cubic feet capacity. The aerosols were released 
near the top of the enclosure or in the air stream of 
a hydrocyanic acid propeller-blower applicator 
described by Yust (1950). In field tests under tents 
over lemon trees the aerosols were released only in 
the air stream. The tents, in both types of tests, 
were removed 45 minutes after the aerosols had 
been released. In treatments with hydrocyanic acid 
fumigation for comparative purposes, a 20 ce. 
peas le of liquid hydrocyanic acid was used, and 
the exposure period was the same. 

Citrus red mite eggs on lemon fruits were exposed 
under the tent-covered tree forms to maximum 
dosages of 5 grams of hexaethyl tetraphosphate, 
1,1-bis(p-chlorophenoxy) methane or parathion per 
1000 cubic feet. After exposure to 5 grams of hexa- 
ethyl tetraphosphate, 54 per cent of the eggs hatched 
but the residue was not sufficiently effective to kill 
all the newly hatched mites. After exposure to 5 
grams of 1,1-bis(p-chlorophenoxy methane or para- 
thion, 18 and 15.7 per cent, respectively, of the 
eggs hatched but no live mites were present on the 
fruits 2 and 3 weeks after treatment. The active 
stages of the citrus red mite were killed with this 
dosage of each insecticide. 

In field tests maximum dosages of 10 grams of the 
1,1-bis(p-chlorophenoxy) methane or parathion per 
1000 cubic feet were released under tent-covered 
lemon trees. Fifteen lemon fruits infested with 
citrus red mites of all stages were hung in each tree 
before treatment, three fruits being placed in each 
of five scattered locations. The volume of the trees 
did not exceed 1800 cubic feet and the foliage was 
not dense. No foliage obstructions were directly in 
front of the applicator fan. The host fruits were held 
in a lathhouse during the interval between treatment 
and inspection. When they were examined 1, 5, and 
21 days after treatment, live mites of all stages were 
present. The treatments had little or no effect on the 
e 
_ trees heavily infested with all stages of 
mites were treated under fumigation tents with the 
aerosols plus hydrocyanic acid and with hydrocyanic 
acid alone. No live mites were found on the leaf 
samples $ days after the combined treatments or the 
hydrocyanic acid fumigation treatment alone, but a 
heavy population of all stages of mites developed 
in 20 days. The combination treatments were no 
better than the hydrocyanic acid alone. Other tests 
showed that fumigation with hydrocyanic acid 
prevents many eggs from hatching and may give 


1 The aerosols were obtained from R. A. Fulton, of the Bu- 
reau’s Division of Insecticide Investigations. 
2 Neotran. 
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a high kill of mites. Enough eggs hatch, however, to 
permit a rapid increase in the mite population. 

It appears from these and other tests that the 
distribution of aerosols under tent-covered trees is 
not adequate for effective control of the citrus red 
mite. Many outside leaves and fruits are in contact 
with the tent, and the outer foliage, where a heavy 
mite population may be expected, is com 
by the weight of the tent; therefore it is difficult 
to obtain a deposit of the acaracide where it is most 
needed. 
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Dusting-Schedule Experiments with 
Toxaphene for Boll Weevil Control 


R. L. Wauxer, L. C. Fire, and Fioyp F. Bonpy,! 
U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine* 


The proper timing of insecticidal dust applications 
for efficient control of the boll weevil, Anthonomus 
grandis Boh., if of major importance to cotton 
growers. To obtain information relative to this 
problem, experiments were conducted over a 2-year 
period at Florence, South Carolina, to determine 
the effect of various application schedules on bell 
weevil control and on cotton yields. 

Metnops.—One experiment was conducted in 
1948, and two were conducted in 1949. A 20 per cent 
toxaphene dust and the same application schedules 
were used in each test. In each of the three experi- 
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ments six schedule treatments were tested in 
randomized-block arrangements with four replicates 
per treatment. Untreated areas adjacent to the 
randomized blocks served as checks. The plots 
ranged from 0.25 to 0.2 acre. 

The following schedules of treatments were 
tested: (1) three applications beginning when the 
cotton plant started squaring; (2) three applications 
beginning at squaring plus 4 additional applications; 
(3) three applications beginning 1 week after squar- 
ing started; (4) three applications beginning 1 week 
after squaring plus 4 additional applications; (5) 
three applications beginning at 10 per cent infesta- 
tion; and (6) three applications beginning at 10 per 
cent infestation plus one to four additional applica- 
tions. One additional application was used for 
treatment No. 6 in 1948, and 3 were used for one 
of the experiments in 1949, and 4 for the other. 

These differences in the number of applications 
in treatment No. 6 were due to the variation in the 
maturity of the cotton plant in different fields and 
for different seasons. Applications were discontinued 
in each test when the cotton plant reached maturity. 
All additional applications were begun when a 10 
per cent infestation of squares had been reached in 
the experimental fields. The applications beginning 
at squaring or 1 week later were made at 7-day 
intervals. Those beginning at 10 per cent infestation 
were made at 5-day intervals. 

The dusts were applied with rotary hand dusting 
machines early in the morning, when the plants 
were usually wet with dew and the air for the most 
part was calm. 

Boll weevil infestation records were made at 
about weekly intervals until the crop was mature. 
Records were also made on the abundance of 
aphids and red spider mites, but they were not 


1 In cooperation with the South Carolina Agricultural Experi- 
ment Station. 
2 Died July 19, 1950. 


Table 1.—Effect of dusting-schedule experiments with 20-per cent toxaphene dust on boll weevil 


control and on cotton yields. 












































EXPERIMENT | (1949) | EXPERIMENT 2 (1949) EXPERIMENT 3 (1948) 
Seasonal] Yield of Seed | Seasonal! Yield of Seed | Seasonal! Yield of Seed | AVERAGE 
Rate or | Average} Cotton per Average} Cotton per Average Cotton per YiELD 
Appuica-| _ Boll Acre Boll Acre oll Acre or SEED 
TION Weevil - Weevil | ———- - —— Weevil | ———| Corton 
PER Infesta- Gain | Infesta- Gain | Infesta- Gain PER 
AcrE tion Over tion Over tion Over AcrRE 
TREATMENT Total | Check Total Check | Total | Check 
? ; Pounds | Per Cent| Pounds| Pounds| Per Cent| Pounds! Pounds| Per Cent! Pounds | Pounds| Pounds 
Three applications begin- 
ning at squaring 8.2 11 652 386 30 666 | 235 | 21 1551 627 956 
Treatment 1 plus four ad- | | | 
ditional applications 9.4 8 768 | 502 19 959 | 528 | 18 | 1799 | 875 1175 
Three applications begin- } | 
ning 1 week after squar- | 
ing 8.5 12 612 346 31 709 278 | 19 | 1564 640 962 
Treatment 3 plus four ad- | 
ditional applications 9.9 8 687 421 22 oe2 | 581 | 18 1699 775 1116 
| 
Three applications begin- | 
ning at 10 per cent in- 
festation 10.1 15 594 328 27 719 288 22 1494 570 936 
} 
Treatment 5 plus an aver- 
age of 2.67 additional 
applications? 10.1 ll 821 555 14 | 839 408 | 20 1600 676 1087 
Check (no treatment) =: 34 266 ee 55 | 431 ms | 44 924 — 540 


























1 Applications beginning at or 1 week after squaring were at 7-day intervals; applications beginning at 10-per cent infestation 
were at 5-day intervals; all additional applications were begun at 10-per cent infestation. | 
2 $ additional applications were used in experiment 1, 4 in experiment 2, and | in experiment 3. 
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Table 2.—Increases in yield when only three applications of insecticide! were made in different 


schedules and when more than three were made. 























| AVERAGE AVERAGE Garin, Pounps 
| GAIN, OF SEED CoTToN PER ACRE 
| Pounps oF PER APPLICATION 
| NuMBER oF |SEED Corton ——— ae 
APPLICA- PER Acre | First Three | Additional 
TREATMENT TIONS Over CuEcx | Applications | Applications 
Three applications beginning at squaring | 3 | 416 139 — 
Treatment 1 plus four additional applications 7 | 635 139 55 
Three applications beginning 1 week after squar- | 
ing 3 421 140 _ 
Treatment 3 plus four additional applications 7 576 140 | 39 
Three applications beginning at 10-per cent in- | | 
festation 3 395 132 | — 
Treatment 5 plus an average of 2.67 additional | | 
applications 5.67 546 | 132 | 57 





1 20 per cent of toxaphene in diluent. 


numerous enough to influence the results in any 
of the tests; therefore, these records are not given, 
Yield records were obtained by harvesting 1/20 
acre in each plot. 

Resutts.—The results of three experiments con- 
ducted over a period of 2 years are summarized in 
table 1. This summary shows good increases in 
yield from three applications of a 20 per cent toxa- 
phene dust, regardless of the schedule used. The 
gains in pounds of seed cotton per acre per applica- 
tion of insecticide were almost identical for all the 
schedules when only three applications were made. 
Additional applications always resulted in greater 
increases in yield per acre, but the increases were 
not in proportion to those made from the first three 
applications, as is shown in table 2. These data 
show an increase in yield of approximately 135 
pounds of seed cotton per acre for each of the first 
three applications, beginning at time of squaring, 
1 week after squaring, or at 10 per cent infestation. 
For applications in excess of the first three, the 
average increase was approximately 50 pounds per 
acre. 

The results of such experiments are dependent 
upon the development of the cotton plant, abun- 
dance of boll weevils, time of emergence from hiber- 
nation, proximity of cotton fields to hibernating 
quarters, rainfall, temperature, and possibly other 
factors. During the two seasons of these tests boll 
weevil emergence from hibernation has been earlier 
than normal for this locality. Moreover, weather 
conditions have caused cotton to mature earlier 
than normal. In years when the weevil emergence 
is delayed and cotton matures over a longer period, 
different results might be expected. 





New Insecticides for Summer Control 


of Apple Flea Weevil 


Cutrient, Ohio Agricultural Experiment 
Station, Wooster 


c. oR 


The first control measure used successfully against 
Orchestes pallicornis was that of clean cultivation 
of the infested orchards. This was developed inde- 
pendently by Houser (Houser 1923; Houser & 
Neiswander 1936) during the years 1914 and 1921 
and by Flint et al. (1924) at approximately the same 
time. Later demands by growers for a chemical 


control led to the use of the fluorine compounds 
applied to the trees in the pre-blossom sprays. This 
method was developed by Houser & Neiswander 
from 1933 to 1935. Early spring applications of 
fluorine compounds are still employed successfully 
in Ohio. 

Occasionally, however, a serious infestation may 
develop during the summer months and under these 
conditions fluorine compounds have not been 
effective. Accordingly, when in early July a heavily 
infested orchard was found at Sebring, Ohio, tests 
were made with some of the newer insecticides. 
Single tree plots, replicated three times, were used 
and spray applications were made on July 12. The 
materials used and the summarized results are given 
in table 1. 


Table 1.—Control of apple flea weevil, showing 
number of weevils observed in 30 minutes (ten 
minutes per replicate). 








NoumBer oF WEEVILS 


July 14 July 19 Aug 4 





TREATMENT 





EPN 300,!.75 Ib.-100 gal. 0 0 = 
EPN 300," 1.5 Ib.—100 gal. 2 0 A 
Parathion 15%, 1 lb.-100 gal. 1 0 — 
Parathion 15%, 2 lb.-100 gal. 0 0 — 
Methoxychlor 50%, 2 lb.-100 gal. 0 0 _ 
DDT 50%, 2 lb.-100 gal. 0 0 0 
Cryolite, 5 Ib.—100 gal. 90 19 — 
Check—no spray 363 268 53 





27%. 


1 Ethyl p-nitrophenyl thionobenzenephosphonate 


From the uniform character and definite nature 
of the data secured, it now appears that any of the 
new materials tested could be used effectively in 
commercial control. This finding was supported 
further when the owner of the orchard sprayed a 
large block with DDT 50 per cent wettable powder 
and obtained excellent results. 
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Sunflower Moth Larva Injuring to 
Young Citrus 


Grorce P, Wene, Texas Agricultural Experiment 
Station, Weslaco 


On April 11, 1950, the sunflower moth larva, 
Homoeosoma electellum (Hulst), was observed on 
young citrus near Edinburg, Texas. The grove, 10 
acres in size, was 2 years old and had been severely 
pruned back as a result of the January, 1949 
freeze. The larvae were attacking the new flush 
growth which was about 5 to 6 inches long. The 
larvae usually bored into the lower half of the twig 
and then would tunnel downward for a distance of 
approximately an inch or so. That this boring caused 
the twigs of new flush growth to die was evident, 
as the only dead flush growth in this grove was 
that which had sunflower moth larvae borings. Ap- 
proximately 50 per cent of the new flush growth 
had been attacked by this sunflower moth larva. 
This infestation could be considered as serious since 
most of a young tree’s growth is the result of the 
spring flush growth. 

This grove had been cultivated recently in 
such a manner that it was free from weeds, although 
it was evident that wild sunflowers had been growing 
in it in the past. Adjacent to this was another 10 
acre grove which had not been cultivated. The 
second grove had a great many wild sunflower plants 
which were heavily infested with the sunflower 
moth larvae, but not a single citrus ‘tree was found 
attacked by the sunflower moth larva. This indi- 
cates that the sunflower moth deposited its eggs 
preferably on wild sunflower plants but will deposit 
eggs on the flush growth of young citrus trees if 
sunflower plants are not available. 

An airplane dusting of 5 per cent DDT at 30 
pounds per acre eliminated this insect from the 
infested grove. 





Parathion Toxic to Codling Moth 
Larvae After They Enter the Fruit’ 


B. F. Driacers, New Jersey Agricultural Experiment 
Station, New Brunswick 


In previous papers? the writer presented data 
showing parathion would kill immature stages of the 
plum curculio in peaches, young larvae of the ori- 
ental fruit moth in peach twigs and young larvae of 
the codling moth in apples. During the season of 
1950 additional data were obtained on the effect of 
parathion on young larvae of the codling moth a few 
days after they had entered the fruit. 

An apple and peach orchard in central New Jersey 
was under observation throughout the spraying sea- 
son of 1950. Parathion was the only insecticide used 
in this orchard on both peaches and apples. On ap- 
ples a petal fall spray of parathion 1.5 pounds of 15 
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per cent wettable powder to 100 gallons of water was 
applied, followed by two cover sprays using 1 pound 
of 15 per cent wettable powder to 100 gallons. The 
third spray of parathion was applied June 18 to 22. 
It was thought no additional spraying would be nec- 
essary for first brood codling moth. However, a close 
watch was kept for fresh stinging and on July 5 it 
was noted that fresh stinging was taking place which 
increased during the next several days. 

On July 9 the grower, using 1 pound of 15 per cent 
parathion wettable powder to 100 gallons water, 
sprayed a three-row block of Golden Delicious from 
the east side. A conventional high pressure sprayer 
with a single nozzle gun was used, the operator 
standing on the rig as it was slowly driven by the 
trees. In this manner two-thirds of the trees were 
covered with the spray from the outside. The trees 
were 12 years old. 

The writer determined the killing effect of the 
parathion on the recently entered larvae and also the 
fumigating effect of the parathion on recently en- 
ered codling moth larvae in the following manner: 
Two days after the spray was applied 50 recently 
stung apples were collected from the east (sprayed) 
side of the Golden Delicious trees. At the same time 
50 apples were collected from the west (unsprayed) 
side of the trees. Fifty unsprayed and recently stung 
apples were collected from a nearby Stayman block 
for a check. The three lots of apples were taken to an 
outdoor insectary, placed in open top battery jars 
covered with cheese cloth. Strips of corrugated paper 
in which the larvae spun cocoons were placed over 
the apples. On August 9 the jars were carefully gone 
over, the apples cut open, and the larvae reaching 
er recorded. The results are set forth in ta- 
ble 1. 

Two days after the Golden Delicious were sprayed 
fresh worm entry was observed in a block of Red 
Rome apples interplanted with peaches. As in the 
case of the Golden Delicious the larvae appeared to 
be codling moth from 1 to 5 days old. An unsprayed 
or check sample consisting of 75 of the Red Rome ap- 
ples was collected on July 11. The block of trees was 
sprayed immediately after using 1 pound of 25 per 
cent parathion wettable powder to 100 gallons wa- 
ter. In this block the trees were sprayed all around 
from the ground using a single nozzle gun. 

Two days following the spray application 75 re- 
cently stung apples were collected from the trees. 
These with the check lot were placed in open battery 
jars in an outside insectary to await larval emergence 

A third lot of 75 stung apples was collected from 
the Red Rome block one week after the spray was 
applied and handled in the same manner as above. 
This was done to offset the possibility that part of 
the larval kill in the apples may have been due to 


1 Journal Series Paper, New Jersey Agricultural Experiment 
Station, Rutgers University, the State University of New Jersey, 
Department of Entomology. 

2 Jour. Econ. Ent. 42; 330 and Jour. Econ. Ent. 43: 474. 


Table 1.—Number of codling moth larvae reared from apples sprayed with parathion compared to 
unsprayed apples; apples collected 2 days after spray was applied. ~ 











Lot WHERE LARVAE 
No. TREATMENT CoLLECTED No Apptes No. Stings MAaAturep 
1 115% parathion Sprayed East Side East side of tree 50 52 0 
2 115% parathion Sprayed East Side West side of tree 53 56 0 
8 No spray _ 47 47 30 
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fumigation from the parathion residue on the apples 
that were collected two days after spraying and placed 
in battery jars. The three lots of apples were ex- 
amined for mature codling moth larvae on August 9 
the same time the Golden Delicious lots were ex- 
amined. The results are set forth in table 2. 


Table 2.—Number of codling moth larvae 
reared from apples sprayed with parathion com- 
pared to unsprayed apples; apples collected 2 
days and 7 days after spray was applied. 











No. 
APPLES C.M,. 
Lor Cot- Toran Larvae 
No. TREATMENT LECTED Stines REARED 
1 Sprayed 1# 25% Parathion, 75 79 0 
collected 2 days later 
2 Sprayed 1# 25% Parthion, 75 89 0 
po oe 7 days later 
3 No spray 75 76 55 





The data in tables 1 and 2 show a complete kill of 
codling moth larvae in apples where 1 pound of 15 
per cent and 1 pound of 25 per cent parathion wet- 
table powders were used to 100 gallons water. Most 
of the larvae appeared to be from 1 to 5 days old and 
had not started to tunnel to the seed core of the ap- 
ple. That parathion has a fumigating effect on the 
larvae is indicated by the results (Table 1) where no 
larvae were reared to maturity in apples collected 
from the west side of trees sprayed 2 days before 
from the east side only. 





Reactions of Two-Spotted Mite and 
Predator Populations to Acaricides’ 


R. G. RosenstieEx, Corvallis, Oregon 


An outbreak of two-spotted mites occurred on red 
raspberries in part of the northern Willamette Val- 
ley of Oregon in August of 1949. Preliminary experi- 
mental control of the mites was undertaken on row 
plots 100 yards long. Several acaricides in both spray 
and dust forms were compared in regard to their 
toxicity. The dust was applied with a power duster 
equipped with four nozzles arranged vertically in a 
row on each side. The dust contained 5 per cent of 
active chemicals and was applied to both sides of the 
row plots at the rate of 50 pounds per acre. The 
sprayer was equipped with nozzles arranged on two 
vertical booms and maintained 350 pounds pressure 
at the tank. In each spray treatment one pound of 
the active chemical was used to 100 gallons of spray 
applied at the rate of 200 gallons per acre. A neutral 
wetting agent,’ was added to the spray mixture at 
the rate of 1 to 3200 as an aid in the penetration of 
the silken webbing and wetting of the mites. 

Six untreated buffer rows were left between each 
of the treated row plots. Mite populations were de- 
termined by examing half of the lower side of each 
leaf sample under a binocular microscope. The inac- 
tive mites or those in the resting stage were omitted 
in the counts. Live and dead larvae, adult mites, and 
eggs that appeared normal were counted and re- 
corded at various time intervals. 

The first series of chemicals was applied on August 
3 to infested red raspberry plants. The materials 
used and average mite populations in the plots just 
before and at intervals after treatment are recorded 
in figure 1. Results were based on counts of 25 half 
leaves taken regularly in groups of 5 leaves from each 
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Fic. 1.—Two-spotted mite populations after treat- 

ment with acaricides. Each chemical is abbreviated 

as follows: “-DN-111” dinitro-o-cyclo-hexyl-phenol; 

“Par,” parathion; “DIM” or “Dimite,” di-(p-chlor- 

opheny!)-methyl-carbinol; and ““TEPP,” tetraethy] 
pyrophosphate. 


plot. The August 3 bars represents the pretreatment 
population and the other bars represent average pop- 
ulations at later dates following the application of 
the chemicals. 

The bar tops in figure 1 indicate the abundance of 
live or dead mites in the plots. The tops of each of 


. the solid circles indicate the abundance of normal 


eggs. The cross hatched or solid part of each bar rep- 
resents dead mites. Differences of 16 in the adult 
mite population were statistically significant at odds 
of 1 to 20. The figure shows a general low natural 
mortality in the pretreatment counts of August 8. 
After 4 days all the chemicals except the dinitro com- 
pound killed at least a significant number of mites. 
By August 11 the eggs were reduced considerably in 
number except in the dinitro compound plot. By 
September 14 the mites in the untreated check plot 
were nearly 50 per cent dead. That degree of mortal- 
ity was equalled only in the di(p-chlorophenyl) com- 
pound treated plot. The population of adult mites 
increased in the parathion plot after August 7, reach- 
ing a peak on September 2, The mites showed a steady 
decline in the adjoining check plot after August 11. 
Field observations showed that the larvae and 
adults of the Coccinellid beetle Stethorus punctum 


1 Published as Technical Paper No. 647 with the approval of 
the Director of the Oregon Agricultural Experiment Station. 
ey ae of the Department of Entomology. 

refit. 
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Fia.2.—Effects of two acaricides on two-spotted 

mites and their predators. The chemical “88-R” was 

b-chloroethy]-b-(p-tertiary buty] phenoxy)-a-methyl- 
ethyl-sulfite. 


Lec., were feeding on mite eggs, larvae, and adults. 
They appeared to be an important factor in the de- 
cline of the field mite population. The effect of 
acaricides on the beetles was studied as it seemed 
desirable to preserve them so they could continue 
their predatory activity. In the second series each 
treatment was replicated twice on single row plots at 
the chemical concentration of 1 to 800 as before. The 
“88-R” contained 15 per cent and the parathion 25 
per cent respectively of the active chemical. Six sub- 
samples of eight half leaves were examined for mites. 
Twenty leaf sub-samples were examined for predator 
larvae for each treatment. Figure 2 shows the effect 
of the chemicals on the populations of mites, their 
eggs, and predator larvae. 

Figure 2 shows that parathion reduced the beetle 
predator larvae to zero after August 20. Although 
not shown on the graph they began returning a 
month after the application of the chemical. The 
chemical 88-R was intermediate in control effect 
while in the untreated plots the beetle larvae were 
plentiful at the end of the test. Parathion reduced 
the mite populations effectively as in the first test 
while “88-R” was effective in mite egg reduction and 
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in initial reduction of the adults. Adult mite differ- 
ences of 25 or more were statistically significant at 
1 to 20 odds. 

The chemicals tested altered the normal mite pop- 
ulation trends considerably in the presence of the 
predator larvae by killing and interrupting the nat- 
ural predators. Further tests of acaricides that con- 
trol the mites but not the mite predators seem 
desirable from these preliminary studies. 





An Improved Method of Applying 
Insecticides for Onion Maggot Control 


W. A. Rawuins, Department of Entomology, 
A. G. Newnatt, Department of Plant Pathol- 
ogy, Cornell University, Ithaca, N. Y. 


Although a pest of minor importance during the 
past decade, the onion maggot, Hylemia antiqua, is, 
nevertheless, a source of annoyance to onion growers 
of New York. Each year the pest appears in a few 
fields in destructive numbers causing thin stands 
over scattered areas of the plantings. The maggot 
burrows into the basal portion of the plant feeding 
on the growing point and surrounding tissues. The 
injured plant soon wilts and dies. 

The standard control measure, a 2 to 3 per cent 
petroleum oil spray, is very effective and recent work 
indicates that DDT, chlordane and other insecticides 
may be used to advantage. However, applications 
should be made at repeated intervals during the ovi- 
position period of the first generation, commencing 
before egg laying begins. 

Infestations seldom occur in the same fields during 
successive years and a grower may experience trou- 
ble only occasionally. This sporadic nature of the in- 
festation dampens grower interest in control meas- 
ures so that onion growers are reluctant to spend 
time and money for repeated applications of sprays 
and dusts when they are not certain of an infesta- 
tion. Generally, growers adopt a “wait and see” atti- 
tude and if an infestation occurs it is usually too late 
for effective treatment. 

The authors tried a new approach to the problem 
and the preliminary results seem very encouraging. 
To improve upon methods for onion smut control the 
junior author devised a means of blowing a fungicide 
dust into the seed furrow at the time of planting. A 
small rotary duster unit was mounted on a three-row 
seeder and operated from the engine of the garden 
tractor used to haul the seeder. The dust was blown 
through a Y tube to the furrow plows of two seeder 
units. In operation the dust was blown into the fur- 
row with the seed. 

The possibility of mixing an insecticide with the 
fungicide occurred to the authors as a means of pre- 
venting onion maggot damage. Consequently, a mix- 
ture of 20 per cent tetramethyl thiuramdisulphide 
fungicide (50 per cent thiram) and 80 per cent diel- 
drin wettable powder (25 per cent dieldrin) was ap- 
plied at the rate of 20 to 25 pounds to the acre. To 
increase the possibility of having an infestation in at 
least one experimental site, unreplicated plots were 
treated in several muckland onion fields. The fungi- 
cide-insecticide mixture was used on two onion rows 
whereas the third row was planted to thiram coated 
seed. On one farm the onion maggot infestation was 
severe and the results of the trial were outstanding. 
Onion maggots killed 83.6 per cent of the plants in 
the row planted with coated seeds but damaged only 
3 per cent in the two rows treated with dieldrin. The 
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thiram seed coating was of no value in protecting the 
plants from maggot attack. On another site the in- 
festation was light but results were similar. The 
plants from coated seeds were injured to the extent 
of 12 per cent whereas none were dama in the 
other two rows treated with the dust. No infestations 
of significance occurred in the numerous other plots. 

These encouraging results prompted further trials 
later in the growing season with the hope that the 
second generation of maggots would also be serious. 
Plots near the heavily infested site were seeded with 
the same machine and in the same manner as before. 
Three insecticides were tried; namely, aldrin, diel- 
drin, and heptachlor. Each mixture contained 20 per 
cent of actual insecticide compound and 20 per cent 
thiram fungicide, the remaining being diluent. Plots 
of dieldrin were replicated twice and those of hepta- 
chlor and aldrin once. Control of onion maggots was 
again outstanding as indicated by the table. Aldrin 
did not appear to be as effective as the other com- 
pounds but this lone trial is not assumed to be con- 
clusive. Eggs and empty egg cases were numerous 
around the plants at the time counts were made. 
Ten plants in each plot were examined closely and 
the number of eggs recorded. It would appear from 
the data in the table that the insecticide did not dis- 
courage oviposition but, rather, killed the young lar- 
vae before they were able to penetrate the plant. 

The method described for applying insecticides for 
onion maggot control seems promising because it has 
the advantage that one application at seeding time 
is sufficient to give protection during the growing 
season. Further trials are necessary to determine 
quantity of insecticide needed for adequate control 
and the effect of various materials on germination, 
growth and flavor of the crop. 


Table 1.—Oviposition and injury to plants by 
the onion maggot in insecticide treated and un- 
treated rows. 








NuMBER OF PER CENT OF 





Eacs AROUND PLANTS 

INSECTICIDE 10 PLANTS INJURED 
None 71 90 
Aldrin — 29 
Dieldrin 103 4 
Heptachlor 47 3 








The Taxonomic Status of Certain 
Tetranychid Mites of the United 
States and Europe 


E. A. McGreeor, Whittier, California 


Until 30 or 40 years ago, most references to the 
American so-called “common” spider mites were in- 
cluded under the name, Tetranychus telarius (L.). 
When the present writer was able to study specimens 
of telarius from Tilia sp., identified and supplied by 
European workers, it became evident that this mite 
is very distinct from those previously going under 
this name in the United States. It is, in fact, in the 
sub-genus Eotetranychus of Oudemans, whereas the 
American “common spider mites” fall into his sub- 
genus Tetranychus. 

In 1893, Harvey described a common spider mite 
occurring in New England as Tetranychus bimacula- 
tus, and many workers in the United States have 
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applied this name to spinning mites of their concern. 

In 1836, a European mite was described by Koch 
as Tetranychus urticae, but his description was such 
that one cannot recognize the species. Moreover, 
Geijskes’ figures and description of a mite he con- 
siders to be T’. urticae do not conform in detail with 
certain characters of the American ‘“‘common”’ spider 
mites. Geijskes considers T’, althaeae to be a synonym 
of T. urticae. 

In 1901, Von Hanstein described a mite occurring 
on hollyhock in Europe as Tetranychus althaeae. This 
is evidently the common species on soft-tissue plants 
in Sweden and Germany. It is probably the nearest 
European ally to our 7. bimaculatus Harvey, but it 
appears to differ from the latter in certain particu- 
lars, as the writer will attempt to show later. 

Among the mites accumulated by the present 
author in the past, are several species which, on the 
basis of the aedeagus alone, resemble those of the 
Tetranychus althaeae-T. bimaculatus complex. For 
the casual student, these probably will be difficult to 
separate with certainty. For the purpose of their 
placement, characters in addition to the aedeagi 
should be utilized. These include the chaetotaxy of 
tarsus I of the female, the structure of the female 
palp-tarsus and of the terminal sensilia of the latter. 

In order to illustrate the superficial resemblance of 
the aedeagi among several of the spider mites, Fig. 1 
has been prepared to show, especially, the profile 
configuration of the shaft, hook, and barb of this 
organ. It may be noted that the gross structure of 
these aedeagi is rather similar. The “hook” is bent 
upward, and a barb is invariably present which 
bears an anterior and, usually, a posterior process. 

It is true, also, that the aedeagi in a few species of 
Septanychus bear a basic resemblance to those of the 
Tetranychus althaeae-T. bimaculatus complex. This is 
perhaps most pronounced in S. terazona McG., S 
deviatarsus McG., S. mexicanus McG. and S. cana- 
densis McG. Fortunately, however, mites in the 
genus Septanychus can be distinguished from those 
of the genus Tetranychus by the structure of the claw 
of tarsi I and II of the female. 

The three species of Tetranychus perhaps most 
alike in the structure of the aedeagus are 7’, althaeae, 
T. bimaculatus, and T. multisetis. The latter, fortu- 
nately, is easily distinguished from the two other 
species by the presence on female tarsus I of 5 or 6 
setae proximad of the proximal set of duplex setae, 
whereas the corresponding tarsi of 7’, althaeae and 7’. 
bimaculatus have only 4 such setae. 

The present writer conducted a comparative study 
of Tetranychus althaeae and T. bimaculatus, with at- 
tention directed mainly to the details of the palp- 
tarsus of the female, and to the aedeagus. In the case 
of T. bimaculatus specimens from Orono, Maine (the 
type locality), the posterior process of the barb of 
the aedeagus appears to be less conspicuous than the 
anterior process; in 7’. althaeae the anterior and pos- 
terior processes of the barb are both conspicuous. 

In a study of the profile dimensions of the palp- 
tarsus of the female, measurements were made of 
numerous specimens of 7’. bimaculatus from Orono, 
and of a series of mites from Sweden and Germany, 
the latter identified by European workers as althaeae. 
It was found that, in profile, the greatest thickness of 
the palp-tarsus and its greatest length were subequal 
in T. bimaculatus. In T. althaeae the greatest thick- 
ness of the palp-tarsus of the female distinctly ex- 
ceeds its length in the specimens studied. 

A similar study was made of the profile dimensions 
of the terminal sensilla of the palp-tarsus of females 
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Fic. 1.—Aedeagi of Tetranychus althaeae Von Hanst. and of T. bimaculatus Harvey; also aedeagi of nine 
other mites which could be mistaken for 7’, althaeae or T. bimaculatus on the basis of the aedeagus alone. 
1, 7’. equatorius McG.; 2, 7. species, morning glory, Redlands, Calif.; 3, 7. bimaculatus Harvey, door- 
y Tame hollyhock, Germany; 5, T. multisetis McG., apple, 


ard plants, Orono, Me.; 4, 7. althaeae Von 


J 

southern California; 6, 7. sp., alfalfa, central Calif.; 7, T. sp., apple, Kansas; 8, 7. sp., papaya, Hawaii: 
9, T. sp., raspberry, southern Calif.; 10, 7’. sp., pear, Japan; 11, Septanychus terazona McG., cotton, Casa 
Grande, Ariz. (Numbers 2, 6, 7, 8, 9, and 10 may represent unpublished species.) 


of the same two series above discussed. In Tetranychus 
bimaculatus this structure was found to be distinctly 
longer i in relation to its thickness, than in T. althaeae. 

Summary.—In a study of mites identified by 
European workers, respectively, as Tetranychus 
telarius (L.) and T’., althaeae Von Hanst., in compari- 
son with so-called “‘common spider mites” of the 
United States, it was concluded that 1) Tetranychus 
telarius (L.) is very distinct from the other two spe- 
cies in the structure of the aedeagus; 2) Tetranychus 
bimaculatus Harvey differs in certain details from 
Tetranychus althaeae Von Hanstein, the latter prob- 
ably being the nearest ally in Europe to 7. bimacu- 
latus; 3) a number of other American mites possess 
aedeagi somewhat resembling those of 7. althaeae 
and 7. bimaculatus, but it is possible to separate 
them when other taxonomic characters are consid- 


ered critically. 





Slide Coatings for Aerosol Droplet 
Collection and Preservation 


H. Hurtia! and A. S. Perry? 


In the last decade there has been renewed interest 
in the use of coarse aerosols of over 10 microns 
diameter for insect control. The problem of suitable 
slide coatings for droplet collection and the preserva- 
tion of a permanent record thereof has received 
considerable attention since the accuracy and ease 
of droplet size analysis depends on the uniformity 
and clarity of the samples. The authors have been 
involved in a program of investigation which at 
various intervals required the sampling of droplets 
from aerosol bombs, aerosol generators, various 
types of mist sprayers, aircraft and laboratory 
spraying apparatus. In field work it was often 
impossible to carry out droplet size counts im- 


mediately after sampling, therefore it was necessary 
to work out methods of collection and preserving 
droplet samples for subsequent laboratory analysis. 

Since most of the materials dealt with in field 
work were oil solutions, various oleophobic slides 
coated with multiple monomolecular layers of cop- 
per barium stearate were used but since these were 
difficult to prepare another coating made from 1 
per cent alcoholic solution of mannitan mono- 
laurate was tried (Goodhue & Riley 1946). This 
coating gave good lenses with little distortion. 
Another oleophobic coating which was quite satis- 
factory was found in a silicone preparation. General 
a Dri-Film 9987 (Moran and Blackford, 
1946). 

There are decided objections to the lens method. 
Uniform spreading of the droplets into plano-convex 
lens is required and even with the best coatings this 
this is not always obtained. The size of the original 
spherical droplet is obtained by calculations made 
from the diameter and focal length of the liquid lens, 
the index of refraction of the liquid and assumes that 
the angle of contact of the liquid lens is below 60° 
(May, 1945). In many cases the calculated spread 
factor may be erroneous due to an unknown factor 
of evaporation where there is a volatile component 
of the liquid. Also new spread factors are required 
for every change in formulation. Therefore it was 
deemed advisable to develop other methods. 

The absolute methods developed involve the col- 
lection and preservation of aerosol droplets on a slide 
for subsequent examination in their original spheri- 
cal shape so that no correction factor is required. 
The basis of the method is collection of the droplets 
in a matrix in which they are insoluble. Preliminary 


1 Present address, Defence Research Board of Canada, Ex- 
perimental Station Suffield, Ralston, Alberta. 

2 Laboratory of Insect Physiology & Toxicology, University 
of California, Berkeley 4, California 
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Fie. 1.—Slide coatings for aerosol droplet collection 

and observation. (a) Focus adjusted to bring out 

small droplets in collection matrix. (b) Same field 
with large droplets in focus. 


work was carried out with a magnesium oxide coat- 
ing obtained by passing a slide repeatedly over a 
flame from burning magnesium ribbon (May 1945). 
In using this technique, as in all the absolute meth- 
ods, the layer (of magnesium oxide in this case) must 
be thicker than the largest droplets anticipated. This 
layer is very soft and as the droplets hit they pene- 
trate the surface, leaving a round permanent hole. 
Droplets of volatile substances leave permanent rec- 
ords regardless of subsequent evaporation. The limi- 
tation of this technique is that the minimum droplet 
size at which the diameter of the hole is a true replica 
of the droplet diameter is 30 to 40 microns. Since it 
was desirable to collect and assess all sizes and since 
all of the size ranges must be known to establish the 
statistical parameters used to describe the aerosol 
cloud, other techniques were investigated. 

Two types of aerosols were dealt with, water and 
oil. For both aerosols the requirements were that the 
slide coating be of density similar to the liquid 
atomized, higher viscosity and different refractive 
index. Other requirements were that the droplets be 
discrete so that agglomeration would not take place 
and that the coating be sufficiently stiff that it would 
not run on vertical slides and yet remain soft enough 
not to impede complete submergence of the droplets 
in the matrix. The latter was especially important in 
the case of aerosols to prevent evaporation of the col- 
lected samples. A certain amount of rigidity was re- 
quired when whole slides were to be exposed ver- 
tically in wind tunnel studies and in slides cut for the 
cascade impactor (May, 1945). 

The mixture successfully employed for water aero- 
sol sampling was similar to that suggested by Fuchs 
& Petrjanoff (1937) for fog sampling. This con- 
sisted of a mixture of 3 parts an miueral oil to one 
part vaseline. At room temperature this mixture sets 
to a light grease. May (1945) has outlined instruc- 
tions for using this technique. Slides examined at 
frequent intervals up to 2 weeks after collection 
showed no evidence of any changes of droplet size or 
shape taking place. 

The basis for the development of us eas matrix 
for sampling oil aerosols was provided by a water- 
soap solution mixture used by Burdette isos) and 
Hoskins & Caldwell (1947). For the common phy- 
tonomic spray oils the most satisfactory results were 
obtained with a mixture of the following propor- 
tions: 


Fig. 2.—Oil droplets collected and preserved in col- 
lecting matrix. Note that while droplets seem to 
touch each other no aggregation has taken place. 


Water 40 ml, 
Glycerol 40 ml. 
Gelatin 3 grams 
Triethanolamine 10 ml. 
Oleic acid 10 ml. 


This mixture may be prepared in quantity ahead of 
time but if this is done it must be warmed slightly 
just before use to ensure that it is in liquid form at 
the time of use. With these proportions the coatings 
remained viscous enough for the slides to be used 
vertically and still did not set too quickly. After the 
samples were obtained, fine glass capillaries or er 
ken pieces of coverslips were placed on the slide. A 
coverslip, held by a pair of forceps, was coated with 
just enough of the liquid matrix to cover the sample 
and carefully applied to the sample so that the drop- 
lets were drawn up as spheres. The glass fragments 
on the slide ensured sufficient space for the droplets 
to assume their spherical shape completely sur- 
rounded by the matrix with no distortion. This is 
important as it was found that unless the droplets 
were covered by a complete liquid film in this man- 
ner those droplets not penetrating the matrix at the 
time of sampling might form thin circular films or 
lenses which gave the erroneous appearance of 
spheres. The definite spherical state can be demon- 
strated by focusing up and down with the fine ad- 
justment of the microscope. If depth is equal to the 
diameter, spherical shape can be verified. 

For use in field work it was sometimes found ad- 
visable to omit the gelatin from the slide coating but 
the liquid gelatin formulation was applied to the 
underside of the coverslip subsequently used to seal 
and preserve the preparation. 

After the matrix has set and the droplets frozen in 
position the samples can be subjected to rough treat- 
ment and prolonged storage as long as the tempera- 
ture is kept below 25° C. In practice most samples 
were counted within 24 hours but slides kept for over 
two weeks showed no change in the position or size of 
the droplets and there was no tendency for distor- 
tion to take place. 

While the above formula was satisfactory for most 
oils or oil solutions of insecticides such as DDT, 
pyrethrins ete., some difficulty was encountered in 
sampling aerosols of chlordane in fuel oil or methyl- 
ated naphthalene solvents (e.g. Velsicol AR-50) and 
it was found that these solutions were soluble in the 
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oleic acid component of the formula. This lead to a 
slight decrease in the size of the trapped aerosol 
droplets before the matrix jelled completely. To 
avoid this it has been found that liquid soap, saponin 
and some commercial emulsifying and wetting agents 
can be substituted for the oleic acid in the formula 
when the above difficulty is encountered. 
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Pea Aphid Control with Sprays 
Applied by a Mist Blower* 


T. E. Bronson and J. E. Dub ey, Jr., 
U.S.D.A., Agr. Res. Adm., Bureau of En- 
tomology and Plant Quarantine 


Insecticides applied as conventional high-volume 
sprays have proved effective in controlling the pea 
aphid, but have been used less extensively for this 
purpose than have dusts. The necessity for employ- 
ing heavy equipment and the difficulties and expense 
of hauling large quantities of water have greatly re- 
stricted the use of such a method against this insect. 
In order to overcome these objections, a mist-blower 
type of sprayer for applying concentrated sprays was 
developed by the authors and used in field tests 
against the pea aphid during the 1949 season (Fig. 
1). This equipment is comparatively light and with 
an average application of 8 gallons per acre it was 
not necessary to carry a large quantity of water. 

The air blast in this machine is generated by a 30- 
inch radial blower fan driven by a 22-h.p. gasoline 
engine, designed to deliver approximately 3500 cubic 
feet of air per minute at a velocity of 5500 feet per 
minute. The air is directed through a large sheet- 
metal duct and discharged through four galvanized- 
metal tubes 6 inches in diameter, loan. along the 
duct on 5-foot centers. The tubes have fishtail outlets 
2.25 by 24 inches, which are directed to the rear and 
downward at a 45° angle, distributing the spray uni- 
formly over a swath 20 feet wide. Two spray nozzles, 
pointing outward, are mounted just inside the open- 
ing of each of the four outlets. 

The insecticide, contained in a 10-gallon can, is 
forced through copper tubing to these nozzles at 75 
to 100 pounds pressure by means of a gear pump 
mounted on the motor shaft. The spray mixtures are 
agitated by insecticides returning from the pump. 
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The rate of application can be varied from 5 to 15 
gallons or more per acre by employing different-size 
nozzle tips, by changing the pressure in the insecti- 
cide line, or by varying the rate of travel. The ap- 
paratus is mounted on a two-wheeled rubber-tired 
cart drawn by a pick-up truck or tractor, and is usu- 
ally operated at a speed of 3.5 miles per hour. 





Fic. 1.—Mist-blower type of sprayer. This 1950 
model has an extension on each end of the boom to 
cover a 24-foot swath. 


During the summer of 1949 five tests, including a 
total of 30 formulations, were conducted on different 
days. The principal toxicants were DDT, tetraethyl, 
pyrophosphate, and parathion. These insecticides 
were not applied on a basis of equal quantities of 
toxicants per acre, but rather on a basis of the quan- 
tities of each considered necessary for pea aphid con- 
trol. Most of the sprays were applied at the rate of 8 
gallons per acre. Observations were made after 5 to 8 
days to determine the infestation and foliage injury. 
Infestations in both sprayed and untreated plots 
were determined by sweeping with a net. Results ob- 
tained with some typical formulations are shown in 
table 1: 

The parathion formulations resulted in the best 
control, the wettable powder being just as effective 
as the emulsion. The dosage of 0.156 pound per acre 
of parathion was not appreciably more effective than 
the 0.078 pound. Tetraethyl pyrophosphate formula- 
tions were also effective, but in some of the tests the 
aphid population began to increase $ or 4 days after 
application, particularly where the lower dosages 
were employed. The dosage of 0.14 pound per acre 
was definitely too low for adequate control. The 
DDT formulations had slower killing action at first 
than the parathion and the tetraethyl pyrophos- 
phate, but compared more favorably with them in 
the later counts. The formulation containing both 
DDT and tetraethyl pyrophosphate gave excellent 
control and appeared very promising, since the te- 
traethyl pyrophosphate caused a high initial kill and 
the DDT provided residual action. 

In the DDT-treated plots a slight injury to the 
foliage was noted 1 or 2 days after application. The 
injury was manifested by a slight discoloration of the 
foliage, which in most of the tests disappeared in a 
short time. Consequently, it was believed to be me- 


1 In cooperation with the Wisconsin Agricultural Experiment 
Station. 
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chanical and caused by the air-driven spray striking 
the tender leaves. 

The tetraethyl pyrophosphate formulations caused 
a brown spotting of the foliage, particularly noticea- 
ble on the lower leaves. At the 0.14-pound dosage 
this spotting was readily apparent, but probably 
caused little or no loss of crop. Injury increased when 


Table 1.—Reduction of pea aphids from the 
use of atomized concentrated sprays. Madison, 
Wis. 











Pounps Per Cent Repuc- 
or Toxi- TION OF APHIDS 
CANT 
PER Test Test Test 
SPRAYS ACRE 1 2 3 
DDT-xylene emulsion 0.25 86 96 ~~ 
0.5 _— 97 — 


Tetraethyl pyrophosphate solu- 0.14 86 83 89 
tion 0.28 88 93 92 


DDT and tetraehtyl pyrophos- 
phate-xylene emulsion 
DDT 


0.25 —_ 99 98 

TEPP 0.14- 
Parathion suspension 0.078 91 98 99 
0.156 95 97 100 
Parathion emulsion 0.078 ~- — 98 
0.156 —_ —_ 98 





the dosage of tetraethyl pyrophosphate was in- 
creased. Pea foliage is very susceptible to injury by 
concentrated sprays containing tetraethyl pyrophosy 
phate, and it is essential that such sprays be finely 
atomized and uniformly distributed to avoid dam- 
age to the crop. 

Foliage injury resulting from the application of 
parathion was more evident in the growing tips than 
in the older parts of the plants. The injury from 
parathion suspension (wettable powder) was mani- 
fested by the appearance of sunken areas but not by 
discoloration. Some browning or burning of tissue 
was caused by the parathion emulsions. The injury 
from the suspension did not appear serious, but the 
emulsion may have caused some crop damage. 

This mist-blower method is promising for control 
of the pea aphid-—a low dosage of insecticide is re- 
quired, and hauling of water is held to a minimum. 





Occurrence of a Fungus Disease 
in Overwintering Stages 


of the Codling Moth 


A. E. Micuerpacner, W. W. Mippiexaurr and 
CuarLES Hanson University of California, 
Berkeley 


In 1945 while conducting investigations at Lin- 
den, Calfornia, on the abundance and rate of 
development of overwintering codling moth larvae, 
Carpocapsa pomonella (L.), under bark of Persian 
walnut trees, it was noted that some of them had 
been killed by an entomogenous fungus. The dead 
larvae were very characteristic and consisted of a 
hard mass of whitish mycelium growth as shown in 
figure 1. A survey made on March 7 revealed that 
4.25 per cent of the overwintering individuals had 
been killed by the fungus, and on a subsequent 
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Fic. 1.—Bark removed from walnut tree showing 

healthy overwintering codling moth larva left; and 

right, one killed by a fungus, probably Beauveria 
bassiana (Balsamo) Vuillemin. 


survey made on March 21, 27 per cent were found 
dead. It was apparent that the disease played at 
least a minor role in reducing the overwintering 
population of the codling moth. 

Further observations on the action of the fuagus 
were made during the winter and spring of 1950. 
Three surveys were conducted, the results of which 
are given in table 1. From the data presented it is 
evident that both larvae and pupae are attacked 
by this fungus. Apparently the larvae are far more 
susceptible to the disease than are the pupae. The 
number of individuals killed by the disease increased 
as the season advanced. On the March 15 survey 
34.82 per cent were dead as compared to 70 per cent 
on April 10. 

In conducting the surveys it was observed that 
some relation existed between the location of the 
overwintering larvae and the prevalence of the 
fungus. It appeared that the larvae were more sub- 
ject to attack where moist conditions occurred. The 
incidence of the disease was certainly highest where 
moisture conditions were sufficiently high to en- 
courage the growth of “‘moss”’ over the trunk of the 
tree. More as individuals were therefore found 
on the north than on the south side of the trunks, 

Specimens of larvae that had been killed by the 
fungus were submitted to Dr. Edward A. Steinhaus 
of the Laboratory of Insect Pathology in the 
Division of Biological Control for determination. 
He determined the principal fungus on these speci- 
mens as being closely related to Beauveria bassiana 
(Balsamo) Vuillemin. Other Fungi Imperfecti were 
occasionally encountered. 

Jaynes & Marucci (1947) also observed a fungus 
attacking codling moth larvae in apple orchards 
in Bridgeton, New Jersey. The species was de- 
relies 2 as probably Beauveria bassiana (Balsamo) 
Vuillemin, and may be the same fungus as encoun- 
tered in the present study. Jaynes & Marucci 
conducted experiments that definitely proved the 
fungus to be pathogenic, and demonstrated that it 
is a natural controlling agent of partly grown as 
well as fully grown codling moth larvae. 

The study in the walnut orchard at Linden 
shows that fungi, under some conditions at least, 
an important natural controlling agency, and are 
probably one of the many factors that result in 
marked fluctuations in the codling moth population 
that have been observed from time to time. 
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Table 1.—Number of overwintering codling moth larvae and pupae collected under the bark of 
walnut trees and the per cent killed by a fungus closely related to Beauveria bassiana (Bals.) Vuill. 





























| | STAGE 
| | Larvae | Pupae 
No. Visible Killed by No Visible Killed by 
Fungus Fungus Fungus Fungus 
Toran OvEr- . 
DatTE WINTERING ‘Num- Per Num- Per Num- Per Num- Per 
1950 INDIVIDUALS ber Cent ber Cent ber Cent ber Cent 
March 15 | 224 122 54.46 78 $4.82 24 10.71 0.00 0.00 
29 | 228 80 35.09 120 52.63 25 10.96 3.00 1.32 
April 10 | 200 34 17.00 137 68.50 26 13.00 3.00 1.50 

















Mating Habits of Sod Webworms' 


E. @, Anprerson, Eastern Oregon College of Educa- 
tion, La Grande, Oregon 


The interesting courtship of the sod webworm 
moths! is observed only by the early riser. For 2 
years I studied these tiny moths that do such 
extensive damage to grass seed crops and lawns 
without any observation of their mating habits. 
The mystery was solved early one morning in June. 
When I entered a grass field at daybreak about 50 
per cent of the moths were seen going through 
mating maneuvers. 

In the very early light of dawn the female moth 
crawls up out of the thick matted grass where it 
has spent the night. On a lookout near the top of a 
grass stem it waits to be seen by the male. The 
males leave the grass tufts about the same time and 
are soon seen flitting across the field in short erratic 
flights. They dart in and out among the grass tops 
looking for the motionless females perched head 
upward on their grass observation points. When 
the male moth spies the female it alights near her 
and starts its mating dance, crawling up a grass 
stem while beating its wings rapidly. Finally it 
reaches the top only to drop down to the base of 
the stem and start up another grass stalk beating 
its wings as before. After 1 to 6 minutes of these 
maneuvers the male lights on the grass stem where 
the female is perched. It climbs up slowly showing 
even greater excitement by increasing the rate of its 
wing beat until it reaches the side of the female. 
The insects immediately join the ends of their ab- 
domens and then the male swings around. When its 
head faces in the opposite direction from its mate 
it drops its long wings over those of the female. 
The length of the copulating period varies. The 
time of copulation for several pairs of moths was 


from 1 hour and 10 minutes to 4 hours and 5 min- 
utes. The average time was 2 hours and 7 minutes. 
Usually there will be more than one male courting 
a female. On one occasion I observed nine males 
contesting for one female. 

The moths mate more than once during the season 
and probably mate repeatedly. On three different 
occasions pairs of moths which mated in the field 
were seen copulating again the next morning in the 
laboratory. 

The male moths outnumber the females. They are 
vigorous and differ from many insects because they 
do not die immediately after mating but live for 
some time afterwards. Often the males live longer 
than the females, a noteworthy achievement in the 
insect world. 


1 Crambus dorsipunctellus. 





Fig. 1. Sod webworm moths in coitu. 





AMERICAN Mosquito ContTROL 
ASSOCIATION 
The American Mosquito Control Association will 
have its annual conference at The Drake Hotel, Chi- 


cago March 6, 7 and 8. Mr. Lester W. Smith of 
Metuchen, New Jersey is president of the American 


Mosquito Control Assn. 

















REVIEW 


Tue Care AND Breepine or Lasoratory ANI- 
MALS, by Edmond J. Farris and a Staff of Fifteen 
Contributors. John Wiley and Sons, Ine. New 
York. Also Chapman and Hall, Ltd., London. 
1950. 515 pp. with illustrations Price $8.00. 


The care and breeding of laboratory animals is 
an essential matter and at times a troublesome 
problem for many experimental biologists. This new 
compilation from experts in various fields should 
prove to be most helpful. 

The animals considered, with the contributor’s 
name, are as follows: monkeys by G. van Wagenen, 
rats by E. J. Farris, mice by L.C. Strong, guinea pigs 
by H. L. Ibsen, Syrian hamsters by S. M. Poiley, 
rabbits by P. B. Sawin, dogs by L. F. Whitney, 
cats by A. B. Dawson, ferrets by T. H. Bissonnette, 
opossum by E. J. Farris, domestic fowl by F. B. 
Hutt, reptiles by C. H. Pope, amphibia by R. C. 
Hutchinson, fishes by M. Gordon, and Drosophila 
by W. P. Spencer. 

The final chapter presents information on the con- 
trol of laboratory pests and parasites of laboratory 
animals. It is prepared by Dr. W. E. Dove. 


For each animal group some or most of the follow- 
ing phases of rearing and caring for animals are pre- 
sented by an authority; housing (cages, pens incu- 
batof or aquaria), nutrition (diet, foods, feeding 
and watering devices and methods), handling (col- 
lecting, transferring, transporting, shipping and 
marking), breeding (special pens, cages, incubators 
and methods) maintenance of healthy stock (sanita- 
tion and prevention and cure of diseases and para- 
sites). Good illustrations and important references 
are found in most sections. 

The reviewer has handled many insect cultures, 
however, his experience with most of the animals 
discussed is limited, consequently he cannot pass 
judgment on the actual value of the facts presented. 
The manner of presentation in most sections appears 
to be very satisfactory. The book should be of dis- 
tinct value to entomologists, geneticists, parasitol- 
ogists, physiologists, experimental zoologists, physi- 
cians and others who wish to maintain stocks of 
experimental animals, 


AtvaH PETERSON 
Ohio State University 





FORMATION OF THE ENTOMOLOGICAL 
Society oF CANADA 


At the eighty-seventh annual meeting of the 
Entomological Society of Ontario, held at Guelph 
on November 1-3, 1950, it was decided to form a na- 
tional society, to be called the Entomological Soci- 
ety of Canada. The new society will serve as a link 
between the various regional societies, namely, the 
Acadian Entomological Society, the Entomological 
Society of Ontario, the Entomological Society of 
Manitoba, the Entomological Society of British 
Columbia, the proposed entomological society of 
Quebec, and others that may be established. The 
Canadian Entomologist will be published jointly by 
the Ontario and the national societies, Dr. W. R. 
Thompson continuing as Editor, with Dr. G. C. 
Ullyett as Associate Editor. 

W. A. Ross, Division of Entomology, Ottawa, was 
elected President and Professor A. W. Baker, On- 
tario Agricultural College, Guelph, Vice-President. 
R. H. Wigmore and A. B. Baird, Division of En- 
tomology, Ottawa, have been named Secretary and 
Treasurer respectively. The Directors comprise the 
presidents of the regional societies, namely, D. D. 
Pond, Fredericton, N. B.; W. N. Keenan, Ottawa, 
Ont.; C. A. Smith, Winnipeg, Man.; and Prof. G. J. 
Spencer, Vancouver, B. C.; as well as Father O. 
Fournier, President, Montreal Branch of the Ento- 
mological Society of Ontario; Dr. C. W. Farstad, 
Dominion re ec Laboratory, Lethbridge, 
Alta.; and Dr. A. S. West, Queen’s University, 
Kingston, Ont. 


The annual meeting of the national society will 
always be held jointly with the annual meeting of 
one of the regional societies. In 1951, the combined 
meetings will be held at Ottawa. 





SixtH ANNUAL POLLINATION 
CONFERENCE 


The American Beekeeping Federation held its 
sixth annual pollination conference on October 24, 
25, 26, 1950, at Tucson, Arizona. The conference was 
sponsored by the University of Arizona under the 
general chairmansip of Dr. S. W. Edgecombe. The 
theme of the converence was “Pollination of Agri- 
cultural Crops from the Standpoint of the Farmer 
and Beekeeper.” The first day was devoted to regis- 
tration and to discussions of the theme, of the place 
of honey plants in the soil conservation program, of 
the pollination of watermelons, cucumbers, squash, 
cantaloupes, and of the extent that honey plants 
can be introduced in range reseeding programs. On 
the second day there was a panel discussion involv- 
ing alfalfa pollination, insect pests of seed alfalfa, 
harvesting seed alfalfa, and other topics on alfalfa 
and honeybees. On the third and final day of the 
conference the panel discussion included papers and 
remarks on clover and vetch pollination and on the 
use of insecticides and their effect upon bees. On the 
evening of the second day there was a banquet with 
Jas. I, Hambleton as the speaker. Special tours to 
nearby points of interest were planned for visitors 
not attending the sessions of the conference. 
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Leland Ossian Boward, 1857-1950 


On May 1, 1950, the long and brilliant career of 
Leland Ossian Howard, the world’s most outstand- 
ing entomologist, came to an end. But the impact of 
his contributions as a research worker, writer, 
educator, and administrator will continue to be felt 
all over the globe for many years to come. 

Few men of science have the opportunity and 
ability to touch the lives of multitudes and stimulate 


their thinking into action. Dr. Howard was one of 
these individuals. Rare is the man, like Howard, who 
has the ability to dig out great masses of basic in- 
formation, evaluate, and correlate them, ther trans- 
late them accurately into the language of the lay- 
man. 

These gifts became apparent early in Dr. How- 
ard’s life, which began on June 11, 1857, at Rock- 
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ford, Illinois. He came of good stock, his progenitors 
being mainly physicians, religious leaders, and farm- 
ers. Among those related to him appear the names of 
many men prominent as scientists, soldiers, authors, 
politicians and statesmen such as General Oliver 
Otis Howard of Civil War fame, Jacob M. Howard, 
U. S. Senator from Michigan, Henry L. Stimson, 
and William Howard Taft. 

Leland was the oldest of three children of Ossian 
Gregory Howard and Lucy Denham Thurber How- 
ard. His brother George was 5 years and his brother 
Frank 9 years his junior. The paternal grandfather, 
Dr. Calvin Howard a physician of Delhi, New York, 
was greatly interested in astronomy and established 
a local natural history society in the 1840’s. The 
great-great-grandmother on his mother’s side was 
Lois Pickering of Massachusetts. Among this Picker- 
ing family were such outstanding figures in science as 
Professor E. C. Pickering, astronomer of Harvard, 
and Dr. Charles Pickering, physician and naturalist 
of Philadelphia. Dr. Howard’s parents moved from 
Illinois to Ithaca, New York, while he was an infant 
and his father practiced law in that community. 
That move probably had much to do with channel- 
ing of his life into the field of entomology, for it re- 
sulted in his entering Cornel] University in the fall of 
1873. His tendency toward the biological field, how- 
ever, was manifested earlier while he was a small 
boy, later while he was a student in Ithaca Academy, 
and subsequently in a Latin preparatory school. 

As pointed out in his fascinating book, Fighting 
the Insects—The Story of an Entomologist, he did not 
go headlong into entomology and especially eco- 
nomic entomology. As a boy in the hills around the 
beautiful Lake Cayuga the collecting of insects by 
him and his brothers was, as he often said, nothing 
more than a manifestation of the collector’s spirit 
that always shows itself with boys. He seems to have 
had that spirit more deeply rooted and persistent, 
however, than most boys, which led to continued 
collecting and to such interesting discoveries as the 
first appearance of the European cabbage butterfly 
in the Lower Catskill region of New York in 1870 or 
1871. Insect collecting activities also led him into 
contact with Professor John Henry Comstock, when 
as a boy of fifteen he encountered Comstock in the 
fields and was invited to the Professor’s office. This 
chance contact of the two insect collectors led to a 
lifelong friendship and gave young Howard an op- 
portunity, which he eagerly grasped, of reading the 
books of Westwood, Kirby and Spence, Fitch, 
Walsh, and others. 

The intimate association of the student with such 
outstanding teachers as John Henry Comstock and 
Simon Henry Gage sharpened his biological inter- 
ests, and assured a broad biological basis for the de- 
velopment of a career in entomology that was to 
touch the lives of all the people of the world. 

Dr. Howard received his B.S. degree from Cornell 
in 1877. After a year of post graduate study there, on 
November 13, 1878, upon recommendation of Pro- 
fessor Comstock, Dr. Howard was appointed to as- 
sist C. V. Riley, who had become, in June of that 
year, head of the entomological work in the U. 8. 
Department of Agriculture, as a successor to 
Townend Glover. 

Again, later, young Howard came under the in- 
fluence of Professor Comstock for two years when 
Dr. Riley resigned to push the work of the U. 5. 
Entomological Commission of which he had been 
made chairman two years previously. Dr. Howard 
enjoyed his renewed association with Professor 
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Comstock and his wife, who was both an artist and 
an entomologist. He has written of this period “The 
Comstocks, Trelease [William, entomologist and 
botanist] and I lived on the most intimate terms. As 
pay day would approach I would usually have to 
pawn my watch in order to buy theatre tickets for 
the four of us. But we spent little time in such 
amusements. We were all young (It is surprising 
now to think how young we werej). Trelease and I 
were 22, Mrs. Comstock was 25 and Comstock was 
only 30. We were filled with the enthusiasm of 
youth, worked hard, and were delighted with the 
interesting and important discoveries we made.” 
From that modest but happy beginning in the 
budding days of entomology Dr. Howard saw, and 
was a motivating power in, its rapid growth and 
logical assumption of an important place among the 
many branches of biological science. Riley again be- 
came Dr. Howard’s superior when he was reap- 
pointed head of the entomological work of the De- 
partment of Agriculture in 1881, the year following 
the election of Garfield as President. 

His first service in the Department, as he himself 
has said, consisted largely of performing clerical 
duties and running errands for Dr. Riley. He as- 
sisted Dr. Riley, however, in preparing entomologi- 
cal material published in the official bulletins, Insect 
Life and the Entomological Commission Reports. 
During the two years of service under Professor 
Comstock (1879-1881) and the early years of Dr. 
Riley’s second appointment as chief entomologist of 
the Department of Agriculture (1881-1888), Dr. 
Howard’s duties were not greatly changed though he 
took a greater part in the actual writing of articles, 
which according to custom in those days, appeared 
under the leader’s name. Thus it was in volume one 
of Insect Life. Volumes 2 to 6 were published under 
the joint editorship of Riley and Howard and vol- 
ume 7 (1894-1895) under that of Dr. Howard. 

Upon the resignation of Dr. Riley in May 1894 as 
Chief of the Division of Entomology, Dr. Howard 
was appointed by the then Secretary of Agriculture, 
J. Sterling Morton, to that position. At that time the 
Division had grown in prestige, extent of its activi- 
ties, and also in the number and prominence of its 
employees. 

Entomological problems multiplied rapidly during 
the decade following Dr. Howard’s appointment as 
Chief. The destructiveness of native pests began to 
be more fully recognized and numerous foreign in- 
vaders appeared and began to spread. The boll 
weevil crossed our southern border in 1894, the 
gypsy moth which gained entrance into the United 
States in 1889 became a serious threat, the San Jose 
scale became a severe threat to fruit throughout the 
country, having appeared in the East in 1893. A few 
years later the brown-tail moth got into Massa- 
chusetts on rose bushes from Holland and estab- 
lished itself. 

To meet these destructive outbreaks, marked in- 
creases in appropriations were made available, and 
the organization was much expanded. In 1904 the 
Division was made a Bureau and continued to grow. 
Upon Dr. Howard’s retirement at 70 in 1927 annual 
appropriations for the Bureau reached $3,000,000, 
having grown from $30,000 in 1894 when he became 
chief. The personnel had grown in numbers from 9 
to approximately 750 in 1927. In this growth and 
broadened service to all the people of the country 
Dr. Howard has had a leading part. There is no 
doubt that these expanded activities were due to the 
demonstrated ability of the organization to meet 
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problems successfully and to the popularization of 
entomological work through the writings and lec- 
tures of the Bureau’s Chief. 

In addition to his administrative duties Dr. 
Howard found time to participate actively in re- 
search and he became an authority in certain groups 
of parasitic Hymenoptera, especially parasites of 
scale insects. The first important paper published 
under his own name was on a parasite of scale in- 
sects. He described 47 new genera and 272 new spe- 
cies of insects, not including 22 new species of 
mosquitoes credited to Howard, Dyar, and Knab. 

Dr. Howard was a leader in the field of biological 
control of insect pests. Under his leadership many 
parasites and predators of the gypsy and brown-tail 
moths, various scale insects, aphids, and the elm 
leaf beetle were brought in from Europe and suc- 
cessfully established. Through cooperative arrange- 
ments parasites and predators of important pests in 
other countries were also supplied by the Division of 
Entomology. 

Medical entomology was the third major field of 
interest of Dr. Howard. In this he soon assumed a 
position as a world authority. No doubt his interest 
and ability in this field was brought about by a year’s 
premedical work which he took at Cornell immedi- 
ately after he received his B.S. degree. This step 
toward a medical career was taken because his 
mother, widowed when he was 16 years old, was ad- 
vised that her son’s desire to teach natural history 
would not lead him to a remunerative line. 

Dr. Howard’s interest in medical entomology was 
further deepened by medical studies which he dili- 
gently pursued in night school in the old Columbian 
University, now George Washington University. 
There he came in contact with a number of promi- 
nent and stimulating medical men who were on the 
faculty. Among these were Dr. Elliot Coues, an out- 
standing anatomist, Dr. D. W. Prentiss, professor of 
materia medica, Dr. J. Ford Thompson, noted 
surgeon, and Dr. A. F. A. King, gynecologist and 
obstetrician, who is known today by his essay pub- 
lished in 1881, theorizing, on the basis of well col- 
lated facts, that malaria was carried by mosquitoes. 
Dr. Howard gained much medical knowledge and 
enthusiasm for medical entomological work but did 
not complete his course to receive his degree. How- 
ever, on the basis of this year of graduate study at 
Cornell and in Columbian University, he was given 
an M.S. degree by Cornell in 1883. Also, as a result of 
his medical studies and especially his extensive pub- 
lished contributions in the field of medical entomol- 
ogy, he was awarded an M.D., honoris causa degree 
by George Washington University, of which he was 
very proud. It is interesting to note that his grand- 
father, Dr. Calvin Howard was given the same hon- 
orary degree by the same institution some 60 years 
earlier. Many other honorary degrees were conferred 
upon Dr. Howard, including the following: Ph.D., 
Georgetown, 1896; L.L.D., Pittsburgh, 1911; Cali- 
fornia, 1929; D.Sc., Toronto, 1921; and Sc.D., 
Rutgers, 1930. 

While in Cornell, Dr. Howard was active in Uni- 
versity affairs, being a member of Delta Upsilon 
fraternity, editor of Eva, a member of the Curtis 
Society, and a member of Tom Hughes Boat Club. 
His active interest in Cornell continued, and in 1900 
he was made a trustee of the University, which 
position he held for the succeeding five years. 

Scores of well deserved honors came to Dr. How- 
ard. Among the medals and awards received by him 
were the following: Buffon Medal, Museum d’His- 
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toire Naturelle, Paris, (1909); Gold Medal Italian 
Ministry of Agriculture, (1912); First Medalist New 
York Farmer; Gold Medal Holland Society of New 
York, (1924); Capper Gold Medal (1931). His work 
was greatly appreciated in foreign countries as indi- 
cated by his decorations as Chevalier de la Legion 
d’Honneur (France, 1925) and Officier de l’Ordre du 
Merite Agricola (France, 1923). He was elected 
honorary member of the following foreign scientific 
societies: Entomologiska Foreningen i Stockholm, 
Sweden (1898); Trinidad Field Naturalists Club 
(1898); Sociedad Cientifica ‘Antonio Alzate,” 
Mexico (1899); Ontario Entomological Society 
(1899) ; Real Liga Agratia do Norte, Portugal (1899); 
Allgemeine Entomologishe Gesellschaft, Germany 
(1900); Entomological Society of Ontario (1903?); 
Entomological Society of the Northwest Provinces 
(1904); Societe Entomologique de France (1905); 
Association of Economic Biologists of Great Britain 
(1907); Societe Nationale d’Acclimatation de 
France (1908); Society for the Destruction of Ver- 
mip, London (1908); Deutsche Gesellschaft fur 
Angewandte Entomologie (1913); South African 
Biological Society (1918?); Societe Scientifique du 
Chile (1920); Societe Entomologique de la Russie 
(1922); Sociedad de Estudios Biologicos, Mexico 
(1922); Entomological Society of Moscow (1924); 
Scientific Council Board of the Russian Bureau of 
Entomology (1924); Societe d’Etude et de Vulgarisa- 
tion de la Zoologie Agricole, France (1923?); 
Academie Chilena de Ciencas Naturales (1926); 
Sociedad Chilena de Historia Natural (1926); 
Czechoslovak Academy of Agriculture (1926); 
Societe Linneenne de Bordeaux, (November 25, 
1939) ; and International Congress of Entomology 
(1932). 

The Capper award, consisting of a gold medal and 
$5,000 given Dr. Howard in 1931, seemed especially 
pleasing to him. He said this was because of the 
recognition of the field of entomology by the leaders 
in many lines of endeavor who constituted the award 
committee. Among them were Farrell, president of 
Kansas State College, Legge, president of Interna- 
tional Harvester Company, Gray, president of the 
Union Pacific Railroad, Finley, associate editor of 
The New York Times, Morgan, president of the 
University of Tennessee, Swingle, U.S. Department 
of Agriculture, and Jardine, director of Oregon Agri- 
cultural Experiment Station. The choice was based 
on the outstanding benefaction to the agriculture 
and welfare of this country through Dr. Howard’s 
contribution to insect control. 

Dr. Howard was elected a fellow of the Entomo- 
logical Society of London (1915), a member of the 
Commission International d’Agriculture (1907), 
Academie d’Agriculture de France (1904); a corre- 
sponding member of the Institut National Genevois, 
Switzerland (1905), the Zoological Society of London 
(1917), The Entomological Society of Chili (1924); 
Correspondent Museum d’Histoire Naturelle, Paris 
(1909); Colaborador de la Direccion de Estudios 
Biologicos, Mexico (1917); and Foreign Corre- 
spondent Real Academia de Ciencias y Artes de 
Barcelona (1916). ~ 

He took an active part in many international sci- 
entific gatherings. For instance he was a delegate to 
the International Congress of Agriculture, Vienna 
(1907), Lamarck Centennary Fete, Paris (1908), 
Darwin Centennary Celebration, England (1908), 
Olive Fly Conference, Madrid (1923), and the Inter- 
national Congress of Agriculture, Warsaw (1925). 
He was elected chairman of the following: Washing- 
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ton Section International Congress of Zoology 
(1907); Section of Economic Entomology, Interna- 
tional Congress of Entomology, Oxford (1912); 
Pan-Pacific Conservation Conference, Honolulu 
(1924); General Session Third International Ento- 
mological Congress, Zurich (1925). Dr. Howard was 
made Vice-president of the International Congress 
of Agriculture, Paris (1923); President of the Section 
of Economic Zoology, International Congress of 
Zoology, Budapest (1927), and the Fourth Interna- 
tional Congress of Entomology, Ithaca, New York 
(1928); also Honorary President, International Con- 
ference of Phytopathologists and Economic Ento- 
mologists, Holland (1923). 

In addition to his activities and honors in foreign 
societies and conferences he was a member and 
officer in many scientific organizations here in the 
United States. Among these were the American 
Philosophical Society, the National Academy of 
Science, American Academy of Arts and Sciences 
(Fellow), American Association for the Advance- 
ment of Science (Permanent Secretary 1898-1920, 
President 1920), Washington Academy of Science 
(President, 1916), American Association of Eco- 
nomic Entomologists (President, 1894), Entomo- 
logical Society (President, 1920), Biological Society 
of Washington (President, 1897-1898), and the 
Entomological Society of Washington (Honorary 
President for many years). 

The following positions were held by Dr. Howard 
in addition to his official entomological work: 
Honorary Curator, Division of Insects, U. S. Na- 
tional Museum from 1895; Consulting Entomologist, 
U. S. Public Health Service from 1904; member of 
Committee on Agriculture, National Council of De- 
fense, 1917; and Chairman subcommittee on Medi- 
cal Entomology, National Research Council, 1917. 

The contributions to scientific literature made by 
Dr. Howard were varied and many. They totalled 
approximately 1,050. His first contribution appeared 
in July 1879 in Moore’s Rural Life. It dealt with the 
army worm. Many short but interesting articles 
were published in Insect Life and in various agricul- 
tural papers and journals, while more formal contri- 
butions were published in bulletins of the Department 
of Agriculture, in the Annual Reports of the Ento- 
mologist and in various foreign journals. Among his 
more extensive and important publications were: 
The Insect Book (1901), Mosquitoes (1901), the 
House Fly—Disease Carrier (1911), Mosquitoes of 
North America (Howard, Dyar, and Knab, 4 vol- 
umes, 1912-1917), A Fifty-Year Sketch History of 
Medical Entomology (1921), A History of Applied 
Entomology (1930), The Insect Menace (1931), and 
Fighting the Insects—the Story of an Entomologist 
(1938). 

The slogan “Swat the Fly” and Dr. Howard’s 
continuing crusades against that annoying and 
dangerous pest caught popular fancy and resulted in 
anti-fly campaigns around the world. The major 
emphasis in his writings, including the admirable 
treatis on the ““The House Fly—Disease Carrier,” was 
on the elimination of breeding places. It is interest- 
ing to note today, after the striking success obtained 
with the use of DDT and other newer insecticides, 
that entomologists are finding it necessary, because 
of the development of fly-resistance to insecticides, 
to revert to Dr. Howard’s old preachments on sani- 
tation. 

The call to arms against all pest insects, sounded 
by Dr. Howard in his address as President of the 
American Association for the Advancement of Sci- 
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ence at its Toronto meeting in 1920, followed by his 
forceful presentation of the need for an all-out war 
against insects, excited widespread interest and 
helped enlist the support of the general public in this 
ceaseless conflict. 

After 53 years of service in the U. S. Department 
of Agriculture Dr. Howard left government service 
on June 30, 1931, at the age of 74. From May 1894 
to October 17, 1927, he had served as Chief of the 
Division of Entomology which became the Bureau 
of Entomology on July 1, 1904. His services were so 
valuable that he was retained four years past the 
usual retirement age of 70 as a consultant with spe- 
cial reference to the biological control of insects, a 
field in which he was prominent. 

Despite all his official activities, Dr. Howard 
found time for relaxation. He was an ardent lover of 
the out-doors and sports. As a boy he spent much 
time swimming and boating on Lake Cayuga, as a 
student he played baseball and football on class 
teams, and he rowed on the crew of the Tom Hughes 
Boat Club. In his early days in Washington appar- 
ently the riding, racing, and social activities of the 
Capitol Bicycle Club commanded much of his out- 
of-office time. He often told of trips made on those 
old tall bicycles with young men who later became 
Senators, Major Generals, or attained other promi- 
nent positions in the world. In later years he spoke 
of getting his exercise in the Cosmos Club—bending 
over the billard table. Although he loved the out- 
doors, he was prevented from enjoying it by an un- 
fortunate accident which occurred on one of his trips 
across the Atlantic in 1923, which resulted in a 
— injury that greatly handicapped him physi- 
cally. 

The Cosmos Club held an important place in the 
life of Dr. Howard and he spent many happy and 
profitable hours there. There he met many world 
figures in science and quite often was the center of 
an animated group discussion. He was an engaging 
conversationalist and had a wonderful store of 
knowledge and a keen sense of humor. Furthermore, 
his ability to speak foreign languages, especially 
French, and his memory of interesting anecdotes of 
his extensive travels made him popular with foreign 
visitors who often found their way to the Cosmos 
Club. Dr. Howard was elected president of the Club 
in 1909 after having held every other club office, 
except treasurer. 

Probably no entomologist has traveled more 
widely or experienced more pleasure from foreign 
trips than Dr. Howard. In 1905 and almost every 
year thereafter until the outbreak of World 
War II, he spent considerable time visiting in 
France, Hungary, and Italy, and traveled in Eng- 
land, Spain, Portugal, Germany, Holland, Belgium, 
Poland, Russia, Turkey, and the Balkan countries. 
These visits were made chiefly for the purpose of 
arranging for the collection and shipment to the 
United States of parasites and predators of the 
gypsy and brown-tail moths and other eld world 
pests that had become established here. Attention 
was also given to silk culture during his early visits 
and to problems in medical entomology on later ones 
These European visits gave him opportunity to culti- 
vate cooperative international relations and to be- 
come close friends with many emminent entomolo- 
gists including Paul Marchal and M. P. Vayssiére of 
France, Antonio Berlese, Filippo Silvestri, Angelo 
Celli, and G. B. Grassi of Italy, I. A. Porchinsky, 
and S. Mokrzecki of Russia, and K. M. Heller of 
Germany. 
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Dr. Howard made three visits to Hawaii. The 
first was in 1915, the second in 1925, as International 
Chairman of the First Pan-Pacific Food Conserva- 
tion Conference, and the third upon his retirement 
in 1931. A sugar planter in Hawaii, in order to get 
Dr. Howard to advise him on sugar cane problems, 
financed this last trip to Honolulu and from there on 
around the world to Paris. 

Dr. Howard’s family life was that of a typical 
American or, should I say, government scientist, for 
his family had to be satisfied with his modest salary 
and he was away from home a great deal on official 
business. His recognition of the support and sacri- 
fices made by the families of scientists is indicated by 
his statement about the wives, “They have been 
wrapped up in their husbands’ scientific careers and 
have made very necessary sacrifice gladly. . . . I bow 
before these women with great admiration and I 
wonder if their husbands fully realize what their 
wives have done for them.” Certainly Miss Marie 
Theodora Clifton, who became Mrs. Howard in 
Washington in 1886, and their three daughters Lucy 
Howard, Candace (Mrs. Edward de Mille Payne, 
deceased, 1933) and Janet Moore Howard, merit 
that fine tribute which Dr. Howard paid to the 
families of scientists. 

The newly married couple first lived in a house 
they built in Washington Heights, later in Old 
Georgetown, where the three daughters were born. 
In 1901 they moved back into Northwest Washing- 
ton where they lived until 1931 when, after Dr. 
Howard’s retirement, he decided to move to Paris, 
France. Here he lived with his daughter Janet until 
the fall of 1932 when he returned for an eye opera- 
tion. During the winter he lived in Bronxville, New 
York, and in the summer at the Onteora Club, 
Tannersville, New York, until he was taken from us. 

Through many years of association with Dr. 
Howard opportunity was given me to see the fine 
character of the man. He was always helpful and in- 
spiring to young scientists, and although critical, his 
criticisms were constructive. His sense of humor 
often had a practical slant. In the early days when 
several of us were taking off for Texas to study the 
cotton boll weevil he inquired, with a twinkle in his 
eye, if we were good “‘seamstresses.” He then said 
we should know how to sew and always carry a 
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William P. Yetter, Jr. died at Moorestown, New 
Jersey on June 17, 1950. He was born at Denver, 
Colorado September 19, 1894, and spent his boyhood 
in that city. He received his Bachelor of Science de- 
gree in entomology from the Colorado A & M College 
in 1918 and his Master of Science degree in entomol- 
ogy from the same institution in 1927. Upon his 
pte a in 1918 he was employed by the Colorado 

Agricultural Experiment Station and the Office of 
State Entomologist on fruit insect studies in Western 
Colorado, His work consisted of directing the insect 
control programs for the fruit growers in that area. 
He also carried on research, largely on the codling 
moth, including very detailed studies of codling moth 
life history, and made many field tests of various 
control methods. He was a pioneer in the develop- 
ment of the use of bait traps in determining codling 
moth spray dates. After going with the U. S. Bureau 
of Entomology and Plant Quarantine in 1929 he con- 
tinued similar studies on the use of bait traps in the 
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needle and thread to mend our bed nets as he didn’t 
want any of us to get malaria. He also commented 
that water in the country was not always pure and 
we should not take chances but should drink beer. 

Dr. Howard had a good disposition and was not 
easily perturbed. He enjoyed lively discussions 
among his friends but was ever anxious to avoid con- 
troversy in his official position. He seemed to get 
much out of life, and I am informed by his daughter 
Lucy that in his declining years several times he 
looked up from his book and exclaimed ‘‘You know, 
I’ve had a wonderful life.” 

Dr. Howard was truly an international figure. He 
regarded entomology from a world viewpoint and 
entomological problems as international. Speaking 
at a Pan-Pacific Club luncheon in Honolulu he pre- 
sented his views on the international brotherhood of 
man through science in the following words, “I pro- 
fess, and you profess, a kind of religion of tolerance 
of all mankind, of helpfulness to all humanity in its 
struggle against the adverse influences of nature, 
and I have learned it largely from you. Therefore, I 
sit at the feet of the Pan-Pacific Union, and of the 
Pan-American Union. Some day there will be a re- 
public of the world and the formation of this Union 
will be a glorious point in history.” 

How Dr. Howard was regarded by scientists in 
other countries, and I might add how he was thought 
of here at home, was well expressed by the eminent 
British scientist R. Stewart MacDougall in his ac- 
count of the Third International Congress of Ento- 
mology in Zurich “‘A special tribute must be paid 
to Dr. L. O. Howard, of the United States Depart- 
ment of Entomology. Always in a position to help 
and using his position to help, Dr. Howard has 
earned the gratitude of entomologists everywhere. 
Capable and kindly, always with the right word, and 
with tact as his middle name, Howard gives one the 
feeling that were there a dozen representative am- 
bassadors like him in the political world, we would 
soon have, what some of us long for, the United 
States of Europe, each nation no longer at enmity 
with the other but working out its own salvation 
following the lines of its own culture and psychology. 
Certainly there was a spirit of friendliness and good- 
will at the Congress, attesting that science has no 
limited boundaries but is international.” 
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control of the Oriental fruit moth. In his work with 
the Bureau he was stationed successively at Vin- 
cennes, Ind., Cornelia, Ga. and Moorestow n, N. J. 
In addition to his investigations of bait traps, he 
worked with new insecticides and with parasites in 
connection with the oriental fruit moth problem. 

From 1939 to 1942, inclusive he was engaged in 
fruit farming near Amherst, Mass., but returned to 
official work at the end of that period. 

Mr. Yetter was held in high esteem by his associ- 
ates and by fruit growers and others with whom he 
came in contact. He derived much satisfaction from 
service to his fellow man. He was a 32nd Degree 
Mason and at the time of his death was President of 
the Moorestown Rotary Club and a Ruling Elder in 
the Presbyterian Church. 

Surviving Mr. Yetter are his widow, a son, Will- 
iam P., III, and a daughter, Julia Mae. 

GerorceE M. List 
H. W. ALLEN 
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Lawrence Paul Webrle, 1887-1950 


On October 23, 1950, Lawrence Paul Wehrle died 
very suddenly of a heart attack in his home at 1130 
East Helen St., Tucson, Arizona. For twenty years 
Dr. Wehrle had been a professor of entomology in 
the University of Arizona. 

Dr. Wehrle had an interesting life. His father, 
Lawrence Wehrle, came to the United States from 
Germany when a very young man in protest against 
the military demands of his country. He settled in 
eastern Kansas where he married Margaretha 
Sackenreuther whose family had recently moved into 
Kansas from Pekin, Illinois. Lawrence Paul was 
born in their farm home on July 4, 1887 and until he 
was twenty-one he worked on the farm with his 
father, getting his education in the country school. 

When he was twenty-one, he went to Manhattan, 
Kansas, to enroll in Kansas State College. In spite of 
the fact that he had no high school preparation and 
not even a grammar school certificate, the college 
authorities permitted him to stay. He completed 
their entrance requirements in one year and began 
the four year course. Being a strong farm boy, he 
was urged to play football and played in the first 
football game he ever saw. He played for four years 
in the period in which Kansas State Ccllege joined 
the Missouri Valley conference—a transition period 
in the football career of the school. 

In his senior year Dr. Wehrle decided to take the 
study of entomology as his life work and stayed on 
in Kansas State College for his master’s degree. 
Prof. Geo. A. Dean and Dr. Paul S. Welch did much 
at this time to influence his life and his later teach- 
ing. Dr. Wehrle liked to recall that he was in the 
first class of French to be taught in Kansas State 
College and that he was the only member of the class 
to complete the course. 

In 1917 he came to Cornell University at Ithaca, 
New York, on a fellowship and did extension work 
and research toward his Ph.D. degree which he re- 
ceived in 1924. During this time he married Helen 
Jane Lason, an English major at Cornell. 

For six years after getting his doctorate, Dr. 
Wehrle taught entomology in Cornell University, 
coming both as a student and a teacher under the 
influence of Prof. and Mrs. Comstock and Dr. 
Needham. He had daily contact with such men as 
Johannsen, Bradley and Matheson and listened with 
pleasure to the delightful lectures of Glenn W. 
Herrick. His friendship with these men and with the 
Comstocks and Needhams and the late Dr. Grace 
Griswold was enduring and was a source of great 
pleasure to him. Then, as now, Cornell was a gradu- 
ate student center and there he made friends with 
men who are at present scattered throughout the 
United States and abroad. 

In 1930 Dr. Wehrle came to teach at the University 
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of Arizona and to do research work in the Experi- 
ment Station. He was a loved and respected teacher. 
His enthusiasm for his work which never flagged in- 
spired his students and they worked long hours be- 
side him without complaint. His research work es- 
specially among the scales and aphids will have a 
lasting memorial in the hundreds of beautiful slides 
which he made, often long after his colleagues were 
in bed. 

Dr. Wehrle belonged to many scientific societies 
but he was most proud of his membership in Alpha 
Zeta, in the Alpha or Cornell chapter of Sigma Xi, 
and in his fellowship in the AAAS. 

He is survived by his wife, Helen Jane Wehrle, to 
whom he made entomology a thrilling subject, and 
by three children and four grandchildren. His son, 
Dr. Paul Francis Wehrle, is carrying his father’s love 
of research into the field of medicine. His daughter, 
Ellen Margaretha Meehan, has inherited from her 
father the skill of hand which enabled him to make 
delicate and precise scientific drawings. His second 
son, Lawrence Lason Wehrle, is now serving his 
country in the United States Navy. 

HELEN JANE WEHRLE 








ERLE G. BREWER 

Erle G. Brewer, for several years leader of the 
regulatory activities of the Bureau of Entomology 
and Plant Quarantine, directed against the Japanese 
Beetle, died on October 20, 1950, after a long illness. 
Funeral services were held in East Orange, New 
Jersey on October 22. 

William Middleton has been named acting leader 
of the division to succeed Mr. Brewer. 
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Arthur Charles Mason, 1891-1950 


Arthur Charles Mason died at Geneva, New York, 
May 16, 1950 after an illness of several months. Mr. 
Mason was born March 12, 1891 at Warren, Michi- 
gan. He received his B.S. degree from Michigan 
State College of Agriculture and Applied Science in 
June 1913 and his M.S. from the University of Flor- 
ida in June 1915. 

On October 14, 1919 he was married to Mary Mc- 
Conchie at Paris, Illinois. He is survived by his wife 
and a son, Harold F. Mason. 

Following graduation from Michigan State Col- 
lege, he was employed by the Florida Agricultural 
Experiment Station as assistant in Entomology from 
July 1913 through June 1915. In July 1915 he was 
employed as assistant Entomologist by the Florida 
State Plant Board. He served in this capacity until 
March 1917, engaged in nursery inspection, and in 
the rearing and distribution of beneficial insects and 
entomogenous fungi. 

In March 1917, Mr. Mason was employed as en- 
tomological inspector by the Federal Horticultural 
Board, with headquarters at San Antonio, Texas, 
until September 19, 1917, when he joined the Army. 
During his Army service he was laboratory tech- 
nician in a hospital unit. He received an Army dis- 
charge December 31, 1918 with the rank of Corporal. 

January 1919 he reported for duty with the Bu- 
reau of Entomology, and continued with that Bu- 
reau and its successor, the Bureau of Entomology 
and Plant Quarantine, until his death. He was first 
located at Miami, Florida. From July, 1920, to Feb- 
ruary, 1923, he was stationed at Orlando, Florida, 
where he did life history and control studies on the 
citrus rust mite and the camphor thrips. In March 
1923 he was assigned to the Bureau’s station at Lind- 
sey, California where he remained until December 
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1925. He was then transferred to the Honolulu, 
Hawaii, Fruitfly Laboratory where he gave special 
attention to commodity treatment methods against 
the Mediterranean fruit fly. The vapor-heat and low 
temperature treatment methods for fruits entering 
export channels, on which Mr. Mason worked, were 
approved in 1938 by the Bureau. In July 1941 he 
returned to the mainland, and until May 1949 he 
was located at the Japanese beetle laboratory at 
Moorestown, New Jersey. His work in this assign- 
ment dealt with treatments of nursery stock. From 
May 1949 to his death he was in charge of the Bu- 
reau’s work at Geneva, New York, on the European 
Chafer, Amphimallon majalis. 

Mr. Mason was a member of the American Asso- 
ciation for the Advancement of Science, American 
Entomological Society, The American Association of 
Economic Entomologists, the Florida Entomological 
Society, the National Geographic Society and the 
Masonic Fraternity. 

C. H. Hapiey 
O. C. McBripE 


Harcourt Alexander Morgan, 1867-1950 


Harcourt A. Morgan was born in Strathroy, On- 
tario, Canada, on August 31, 1867 and died in Knox- 
ville, Tennessee, on August 26, 1950. After his gradu- 
ation from the University of Toronto in 1889 he 
came to the United States and did graduate work in 
Cornell University during the period 1891 through 
1898 in which period he also became a naturalized 
citizen of the United States, 

In 1895 he did research work at the Marine Bio- 
logical Laboratory at Woods Hole, Massachusetts. 
His interests, from the first, were in biological sci- 
ences and were later directed toward entomology. 


Harcourt Alexander Morgan 
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The degree of Doctor of Laws was conferred upon 
him in 1920 by Emory and Henry College and by 
Southeastern University and in 1937 by the Uni- 
versity of Western Ontario and he received the de- 
gree of Doctor of Science from Clemson Agricultural 
College in 1937. 

Dr. Morgan accepted the position of Zoologist and 
Entomologist at the Louisiana State University and 
Agricultural Experiment Station in 1889 and was 
also a member of the Louisiana State Crop Pest 
Commission. He taught entomology and horticul- 
ture at the university and was Entomologist of the 
Experiment Station. While in Louisiana Dr. Morgan 
did considerable work with the cotton boll weevil. 

In 1904 Dr. Morgan went to the University of 
Tennessee as Dean of the College of Agriculture and 
Director of the Agricultural Experiment Station. In 
1905 he was made State Entomologist and Plant 

-athologist, retaining the latter position until 1909. 

In 1919 Dr. Morgan was elected to the presidency 
of the University of Tennessee which position he 
held until 1933 when he became one of the three 
original directors of the Tennessee Valley Authority. 
He was Chairman of the TVA from 1938 to 1941 and 
continued as a director until his retirement in 1948. 

In addition to his always heavy burden in these 
regular positions Dr. Morgan was, at various times, 
Special Field Agent for the United States Bureau of 
Entomology, Food Administrator for Tennessee dur- 
ing the first World War, State Entomologist of Ten- 
nessee, a member of the American Commission for 
the Study of Rural Credits and Cooperation, Presi- 
dent of the Land Grant College Association, Chair- 
man of the Commission appointed to investigate the 
Mediterranean fruit fly situation in Florida, member 
of the Advisory Council of Agriculture of the Ameri- 
can Bankers Association and a member of the Land 
Use Planning Commission. 

In 1937 Dr. Morgan received the American Farm 
Bureau Federation Award for Outstanding Service 
to Agriculture and in 1940 received the ‘Man of the 
Year award from the “Progressive Farmer.” In addi- 
tion to these he received many other local and na- 
tional honors for his varied services to his commun- 
ity, his state and the nation. 

Dr. Morgan’s services to the state were numerous 
and varied and were by no means confined to his pri- 
mary interests, entomology and agriculture. He was 
instrumental in the building up of all phases of the 
University of Tennessee until it became a well- 
rounded University and a leader among the schools 
of the South with a steadily expanding scope and a 
building program adequate to permit the establish- 
ment of the numerous new units of the University. 

In addition to his many public services Dr. Mor- 
gan found time to contribute extensively to the in- 
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terests of his community through membership in the 
Rotary Club, the Methodist Church and other or- 
ganizations, in all of which he was a constructive 
leader and an inspiration to those with whom he was 
associated. 

Dr. Morgan was a member of the American Asso- 
ciation of Economic Entomologists and served as its 
President during the year 1907. He was also a charter 
member of the Cotton States Branch of the Associa- 
tion and a charter member of the Entomological So- 
ciety of America. In the Association he served on 
several important committees. 

Indicative of the esteem in which he was held by 
his fellow citizens, those who knew best his many fine 
qualities and could best appreciate his services to his 
own community, there is a memorial window spe- 
cially made and installed in the Church Street Meth- 
odist Church in Nashville in his honor. His bust is in 
the Board of Directors Office at the University of 
Tennessee and in the Hall of Fame, State Capital 
Building in Nashville. The Agricultural Hall at the 
University is named Morgan Hall while the Alpha 
Zeta Chapter at Knoxville is the Morgan Chapter. 


Colonel Charles Franklin Craig 
1872-1950 


Colonel Charles Franklin Craig died in San An- 
tonio, Texas, on December 9, 1950. 

For many years Colonel Craig has been an out- 
standing figure in tropical medicine. He has made a 
number of notable contributions to the field of medi- 
cal entomology and is senior author with Dr. E. C. 
Faust of the well-known text book “Clinical Para- 
sitology.” 

Colonel Craig was born in Danbury, Connecticut, 
on July 4, 1872. He received an M.D. degree from 
Yale in 1894 and an honorary M.A. in 1914. He is 
survived by his widow, Mrs. Lilian Osmoun Craig, a 
daughter—Mrs. Margorie Goolrick, and a son 
Major General Edward A. Craig, U. S. Marine 
Corps. For many years Colonel Craig served in the 
Medical Corps of the Army, from which he retired 
in 1931. He held many important positions while 
in the military service, including Commandant of 
the Army Medical School. While assigned to duty 
in the Philippines he carried out important research 
on mosquitoes, particularly in relation to their trans- 
mission of dengue and filariasis. 

He was President of the American Society of 
Tropical Medicine in 1913, of the Academy of Tropi- 
cal Medicine 1935, and of the American Society of 
Parasitologists in 1935. For 20 years he served as 
editor of the American Journal of Tropical Medicine. 


Paciric SLOPE BRANCH 
MEETING 


“The 35th annual meeting of the Pacific Slope 
Branch of the American Association of Economic 
Entomologists will be held in Seattle, Washington, 
on June 19, 20, and 21, 1951, under the chairmanship 
of Mr. E. H. Littooy. The meetings will be held at 
the University of Washington, and convention head- 
quarters will be at the Hotel Edmund Meany. Mr. 
Sidney Braucher will be in charge of local arrange- 
ments.” 
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Rocky MountTAIN CONFERENCE OF ENTOMOLOGISTS 


The Twenty-first Rocky Mountain Conference of 
Entomologists was held at the Cameron Pass 4H 
Club Camp, which is located in the Mountains 
about 85 miles West of Fort Collins, Colorado, 
August 18-17, 1950. Seven sessions in all were held, 

Jin addition the entire day of August 15 was given 
to a trip into some of the area where the Englemann 
Spruce beetle is destroying billions of feet of the best 
timber in the Rocky Mountain area. Most entomolo- 
gists brought members of their families to enjoy a 
mountain outing. One hundred eleven persons, rep- 
resenting 14 states were in attendance. The following 
are those directly interested in entomology. 


Bushnell, Ralph J. 


Cherry, W. F. 
Daniels, Leslie B. 
Davis, Louis G. 
Dickson, R. C. 
Fletcher, Fred 
Finlay, Wm. J. 
Franklin, W. W. 
Gibson, J. W. 


Grundmann, A. W. 


Hamman, R. E. 
Hayes, Wm. P. 


Moffett, Joseph 
Munro, J. Alex 
Newton, J. H. 
Palmer, M. A. 
Perry, Albert S. 


Poyner, Martin M. 


Rao, A. Mohan 
Ray, P. A. 
Reeves, George I. 


Robb, Theodore R. 


Smith, Roger C. 


Sooter, Clarence A. 





Svoboda, Mike 
Swain, Ralph B. 
Swain, Suzan N. 
Swisher, E. M. 
Thatcher, T. O. 
Todd, George K. 
Wallis, R. L. 
Walstrom, C. J. 
Wilkey, Richard 
Woodbury, E. N. 
Wygant, Noel D. 
Zuhl, Herbert 


Hill, Alfred, Jr. 
Hixson, Ephriam 
Hoerner, J. L. 
Howell, D. E. 
Kohler, E. C. 

List, George M. 
Lomax, Jack 
Magner, J. M. 
McCampbell, Sam C. 
McCauley, W. E. 
Mickle, Gordon 
Miles, Virgil I. 
Mineau, Willard E. 


All programs were of the discussion type with the 
evening meetings being given largely to the subjects 
that were of interest to mixed groups, and to enter- 
tainment. Some of the more formal subjects and the 
names of the discussion leaders were: 


Insects Affecting Livestock and Public Health. 
—D. E. Howe tt, Chairman. 


Field studies on encyphlomyelites at Greeley’ 
Colo. Field Station—CLARENCE SOOTER. 

Collecting blood sucking arthropods at the Gree- 
ley, Colo. Field Station—V. I. Mixes. 

Animal ectoparasite work in Oklahoma—D. E. 
HowELL. 

Discussion and reports of work by J. A. Munro, 
R. C. Smrrn, A. W. GruNDMANN, ALBERT S. 
Perry, R. C. Dickson, T. R. Ross, E. M. 
SwisHer, W. W. Franxun, Geo. M. List, 
E. C. Kouter, W. E. McCau.ey and EPHRIAM 
Hrxson. 


Co-DISCOVERER OF 


Milton S. Schechter of the Division of Insecticide 
Investigations, Bureau of Entomology and Plant 
Quarantine, has received an award of honor from his 
alma mater, Brooklyn College, in recognition of his 
fundamental research in the chemistry of insecti- 
cides. The particular contribution of Mr. Schechter 





Field Crop Pests.—Gero. I. Reeves, Chairman. 


The 1950 grasshopper program.—L. G. Davis 

Honeybees and flower color in alfalfa—W. W. 
FRANKLIN 

Field Crop pests in North Dakota.—J. A. Munro 

Aldrin in grasshopper control.—R. E. HAMMAN 

Alfalfa seed production.—Epuri1am Hrxson 

Stink bugs in California.—R. C. Dickson 

Some alfalfa weevil studies.—J. H. Newton 

Problems in their respective states were discussed 
by W. P. Hayes, Gorpon Micke, T. R. Ross 
and R. C. Smirn 


Insecticides and Commercial Spraying.— Epurti- 
AM Hixson, Chairman. 


Commercial crop spraying and dusting.—S. C. 
McCampBELL 

Responsible salesmen and applicators.—E. Hrx- 
SON 

DDT failure against pea aphid on red clover.— 
E. Hrxson 

How may state and federal agencies and commer- 
cial firms work more closely together.—R. E. 
HAMMAN 

State and County regulations in California.— 
R. C. Dickson 

Need of cooperation among all control agencies. — 
L. B. DaNrELs 

Systemic chemicals.—Frep FLETCHER 

Allethrin a synthetic pyrethrin.—Ww. J. Frnuay 

Acaricides—E. W. Swisher 

Aldrin and Dieldrin.—R. E. HAMMAN 

Pea aphid in alfalfa —W. W. FRANKLIN 

Fruit insect controls.—J. H. Newton 


Miscellaneous 


Insect transmission of plant viruses.—R. C. Dix- 
SON 

Psyllid Yellows.—L. B. DANnrELs 

Peach Mosaic.—J. H. Newton 

Wheat Mosaic.—R. C. Smita 

Genetics of interest to entomologists.—R. J. 
BUSHNELL 

The detoxification of DDT by resistant houseflies 
and inhibition of this process by piperonyl 
cyclonene.—ALBERT S. PERRY 

European foulbrood of the honey bee in Colorado. 
—J. O. Morrett 

International relations —A. Monan Rao 

Officers elected to arrange for a 1951 Rocky Moun- 

tain Conference were: 

Chairman—D. E. HowEwu 

Vice-Chairman—NokEu D. WyGAnt 

Treasurer—J. L. HOERNER 

Secretary—Gro M. List 

Assistant Secretary—Gorvon MICKLE 


ALLETHRIN HONORED 


that attracted attention was the synthesis of pyre- 
thrin-like esters, one of which—allethrin—is now 
coming into large-scale production. This was a joint 
accomplishment by Messrs. Schechter, F. B. La- 
Forge, and Nathan Green. 
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Aerosols, thermal, toxic to mosquitoes, 37 Argyrotaenia citrana, 744 
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dry, from organic insecticides, 542 Asterolecanium scales on oaks, control of, 494 
Agapostemon cockerelli, 61 Avocados, control of red mite on, 377 
Airplane applications of sprays and aerosols, 456 Avocado trees infested by Ozognathus cornutus, 724 
Airplanes, treatment of to prevent insect transpor- | Azobenzene, as an insecticide 
tation, 66 in control of two-spotted mite 
Airplanes, insect eggs on, 555 use in aerosol mixtures, 838 


Alabama argillacea, 592 
Aldrin, effect on housefly, S64 Lee Bagworm control by parathion, 109 
effectiveness of against boll weevil, 598 ink Sense i anne ae 
to control boll weevil, 892 i GS iaaes pp 
cabbage maggot, 900 
onion mite, 951 
onion thrips, 911 
meadow spittlebug, 888 
plum curculio, 845 
tomato pests, 886 
Aleurocanthus woglumi, 380, 686, 743, 769, 772 
Aleurodes proletella, 627 
spiraeoides, 394 
Alfalfa seed fields, grasshopper control in, 185 
Alfalfa weevil, control with DDT dust, 374 


Benzene hexachloride and potato flavor, 109 
as a flavoring agent on potatoes and tomatoes, 498 
compatibility of with calcium arsenate, 645 
to control cabbage maggot, 900 
onion thrips, 910 
tomato pests, 88+ 
Benzene hexachloride isomers for boll weevil control, 
892 
Biological control of corn rootworm, 22 
Pseudococcus maritimus Gn pears, 94 
Biological control, early, 750 
manipulated, 755 


Alfalfa and red clover insects, control of, 438 Black fly larvae, controlled by DDT, 696 
Allethrin, toxicity of, 207 : oie aatoger 
: control and ecology of in Pennsylvania, 702 


Almond moth, 733 pe 
Alsophila pometaria, 398 Black scale, 74 
Amblyomma americanum, 41, 520 
American dog ticks, clothing repellents for, 41 
American fruit fly, 746 
Anasa tristis, 14, 282 
Anastre pha fraterculus, 746 
ludens, 745 
Anopheles albimanus, 108 
quadrimaculatus, 516 
Anthidium edwardsii, 61 
Anthonomus grandis, 282, 286, 288, 488, 591, 593, 
596, 602, 606, 727 
Antimycin A, toxicology of, 105 
Antonina graminis, 386 
Anychus clarki, 744 
Aonidiella aurantii, 610, 743 


Black widow spider, control of, 343 

Blueberry bud mite, control by summer oil, 727 

Blueberry flea beetle, 287 

Blueberry stunt disease, transmitted by leafhoppers, 
658 

Boll weevil, aldrin to control, 598 

Boll weevil, control and defoliation, 488 

Boll weevil, control with dusts and sprays, 593 

Boll weevil, organic insecticides to control, 892 

Bombus pratorum, 59 

Bondy, Floyd F., Obituary, 574 

Brewer, Erle G., Obituary note, 763 

Brown dog tick on rats in Puerto Rico, 722 

Brussels sprouts seed loss and cabbage seedpod 
weevil, 389 

Bryobia praetiosa, 309 


citrina, 744 . ’ . F < 
ale Ate Burnside, Carlton E., Obituary, 113 
arus, T52 

A panteles fumiferanae, 777 


Aphids, control on melon, 444 Cabbage maggot, insecticides to control, 899 
walnuts, 448 Cabbage seedpod weevil, 389 

Aphid, woolly apple in nurseries, 468 Calcium arsenate for potato insects, 176 

Aphids, on cotton, 614 tomato pests, 884 
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California red scale, 744 
control factors, 786 
California red scale, control by parathion and oil, 
610 
Callitroga americana, 387, 558 
Calomel-gypsum to control cabbage maggot, 900 
Cankerworms eaten by dragon fly, 398 
Carpocapsa pomonella, 724 
Ceratitis capitata, 746 
Ceutorhynchus assimilis, 389 
Chaff scale, 744 
Chaoborus astictipus, 328 
Cherry sawfly leaf miner, 694 
Chilocorus sp., colonized for scale control, 790 
Chlordane against termites, 107 
to control boll weevil, 892 
to control flies, 849 
house flies, 856, 864 
cabbage maggot, 900 
Japanese beetle grubs, 936 
DDT-resistant flies, 937 
Chlorinated aromatic compounds 
insecticidal efficiency, 915 
synthesis of, 915 
Chlorinated hydrocarbons for grape berry moth, 76 
Chlorinated hydrocarbon insecticides, action on 
Aédes mosquitoes, 945 
contamination of meat and milk by, 649 
bis (p-chlorophenoxy) methane, 746 
1,1-bis (p-chloropheny])-2-nitrobutane, 892 
Chromaphis juglandicola, 448 
Chrysomphalus ficus, 742 
Chrysomyia megacephala, 31 
Chrysopa californica 
fecundity of, 101 
mass culturing of, 97 
red mite control by, 820 
Citricola scale, 744 
Citrophilus mealybug, 744 
Citrus blackfly, 746, 758, 761 
Chemical control, 768 
hosts, 768 
toxicity of oils to, 686 
Citrus bud mite, 744 
Citrus insects resistant to insecticides, 760 
Citrus red mite, 742, 744 
Citrus red mite, natural enemies of, 807 
effect of sprays on, 808 
predators of, 810 
Citrus rust mite, 742 
Citrus scales and mites attacked by fungi, 305 
Citrus thrips, 742 
Citrus whitefly, 747 
Clear Lake gnat, control of, 328 
Climate and toxicity of insecticides, 602 
Cloudy winged whitefly, 742 
Clover root borer, control of, 882 
Clover and alfalfa insects, control of, 438 
Coccophagus gurneyi, 751 
Coccus hesperidum, 744 
Coccus pseudomagnoliarum, 744 
Codling moth, control in tops of apple trees, 466, 912 
Codling moth, fungus diseases of, 956 
larvae, effect of parathion on, 474 
on walnuts, 383 
oocyte studies of, 724 
Common names of insects, 117 
Compatibility of insecticides, 761 
Coniopterygidae, predators on citrus red mites, 815 
Comperiella bifasciata, 788 
host-determined races, 753 
Conotrachelus nenuphar, 70, 73, 157 
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Conwentzia hageni, predator of citrus red mite, 808 
Corn borer, control on sweet corn, 407 
insecticides, 433 
parasites, 422 
rearing of larvae, 4 
sprayers for, 198 
stalk breakage from, 415 
Corn earworm control, 191, 364 
by dusts, 1 
in sweet corn, 430 
Corn earworm and corn borer control combined, 734 
Corn earworm damage and soil fertility, 427 
Corn pests, control of, 191 
Cotinus nitida, 295 
Cotton boll weevil, control of, 488 
Cotton insect control, 225, 286, 288, 292, 560, 593, 
598, 602, 606, 614, 620 
Cotton insect insecticides, 727 
Cotton insects, control by dieldrin, 590 
phosphorus and sulphur to control, 614 
timing sprays for, 596 
Cottony cushion scale, 742, 750 
Craighead, F. C., note, 546 
Crambus dorsi punctatus, mating habits, 957 
Cranberry fruit worm, ryania for control of, 112 
Cryolite to control tomato pests, 884 
Cryptochaetum iceryae, 742 
Cryptochaetum sp., 750 
Cryptolaemus montrouzeri, 750 
Cryptolaemus, for mealy bug control, 755 
Cryptophagus laticlavus injuring potatoes, 230 
Cube in oil for citrus blackfly control, 769 
Cucurbits, phytotoxicity of new insecticides to, 14 
Culex pipiens, 37, 527 
Culex restuans, 37 
Cytochrome oxidase and house flies, 832 


2,4—D in oil sprays, 758 
Dacus dorsalis, 746 
Dairy Barns, fly control in, 510 
DDT, absorption and metabolism of by house flies, 
214 
in fly control treatments, 853 
longevity of in crops, 90 
DDT, persistence of effect of on Japanese beetle 
larvae, 87 
DDT, susceptibility of bees to, 59 
DDT to control alfalfa weevil, 374 
American dog tick, 698 
black fly larvae in Alaska, 696 
Clear Lake gnat, 378 
flies breeding in poultry manure, 30 
grape berry moth, 152 
houseflies, 214 
Japanese beetle, 586 
Japanese beetle larvae, 87 
meadow spittlebug, 889 
melon fly, 879 
mosquitoes, 37, 516 
mosquito larvae in Alaska, 350 
onion thrips, 909 
peach tree borers, 315 
spittlebugs, 889 . 
tomato insects, 884 
DDT and analogs, toxicity to house flies, 393 
DDT and methoxychlor to control strawberry wee- 
vil, 222 
DDT and sulphur dusts to control onion thrips, 11 
DDT concentrated sprays to control scolytus and 
Dutch elm disease, 110 
DDT dust to control corn earworm 1, 
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DDT dosage and wheat yields, 565 
pink boll worm, 491 
DDT-resistant in salt marsh mosquitoes, 506 
DDT-resistant flies, 105, 527, 721, 937 
mosquitoes, 527 
DDT, in milk, 656, 723, 850 
DDT, on peanut hay, 943 
DDT residues in soil, 942 
on ticks, 861 
DDT-oil emulsion to control earworm and corn 
borer, 734 
DDT-xylene emulsion for pea aphid control, 955 
Dichlorodiphenyl dichloroethane, longevity on 
crops, 90 
to control tomato pests, 884 
DFDT to control tomato pests, 886 
Dermacentor variabilis, 698 
effect of DDT residues on, 861 
Diabrotica undecimpunctata, 14, 22 
Diareurodes citrifolit, 742, 747 
Dieldrin to control boll weevil, 892 
cabbage maggot, 900 
cotton insects, 590 
house flies, 856, 864 
onion thrips, 911 
onion maggot, 951 
plum curculio, 845 
spittlebugs, 888 
2-nitro-1,1-bis (p-chlorophenyl) butane 2.5, 886 
2-nitro-1,1-bis (p-chlorophenyl) propane 2.5, 886 
2.4-dinitro-6-cyclohexyl phenol (for citrus mite 
control), 756 
Ditityl trichlorethane, to control cabbage maggot, 
900 
house flies, 854 
Dog tick, American, controlled by DDT, 698 
Dragon fly, feeding on cankerworms, 398 
Dry aerosols from organic insecticides, 542 
Dusts, for Mexican bean beetle control, 188 
for pea aphid control, 642 
Dutch elm disease, concentrated sprays to control, 
110 


Ecological investigations in citrus, 753 
Eddy, Brayton, obituary note, 573 
Elm, leafhoppers on in California, 565 
Scolytus control in, 597 
Empoasca bipunctata, introduced in California, 565 
Empoasca fabae and hopperburn on potatoes, 484 
Empoasca lybica, 627 
Entomogenous fungi, 751 
attacking purple scale, effect of sulphur on, 712 
attacking scale insects and rose mites on citrus, 
305 
in Pacific Northwest, 704 
Entomologists and the International Health Pro- 
gram, 229 
and Plant Pathologists, working relations of, 114 
Entomology, extension, 736 
Entomology of Citrus, 747 
Ephestia cautella, 733 
Epilachna varivestis, 188, 338 
Epitrix hirtipennis, 641 
Eradication campaigns, 746 
Eretmocerus serius, 380, 75 
in Cuba and Mexico, 76 
Eriosoma lanigerum, 463 
Estigmene acrea, 592 
European corn borer, 407, 415, 422, 433 
oviposition and survival of, 17 
rearing of larvae, 4 
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European red mite control, 172, 220, 637 
Evaluation of small scale tests on corn borer, 433 


Fall army worm control, 726 
Fannia pusio, 31 
Fecundity of tephritid species increased by food, 735 
Feltia subterranea, 646 
Fig scale, sprays for, 730 
Flat grain beetle, rearing methods, 735 
Flea beetles, observations of, 581 
Flea beetle parasites, 581 
Flies, control by DDT, 30 
Flies, control by space spraying, 849 
Flies, species collected in dairy barns, 847 
Flies, studies of in chicken manure, 30 
Florida red scale, 742 
Forbes scale a peach pest, 398 
Flower thrips, 744 
Fly pupae, cleaning by air separation apparatus, 228 
Foreign exploration for beneficial insects, 752 
Foulbrood, American, bee resistance to, 562 
Foxglove aphid, control of, 627 
Frankliniella tritici, 744 
Fumigation of citrus, 761 
Fumigation with methyl bromide for white-fringed 
beetles, 25 
Fungi, entomogenous, 704 
attacking scales and mites on citrus, 305 


Gaddis, Bevy Marshall, obituary, 571 

Garden pests, control by liquefied gas aerosols, 194 
Glypta fumiferanae, parasite of spruce budworm, 777 
Gnat, clear lake, control of, 328 

Gnorimoschema operculella, 341, 396 

Grapholitha molesta, 315 

Grape berry moth, control by DDT, 152 

Grape berry moth, insecticides for, 76 
Graphognathus spp., 25 

Grasshopper control, in alfalfa seed fields, 185 
Green June beetle, control of, 295 

Gypsy moth control tests, 325 


Habrole pis rouri, 753 
Halticus bracteatus, 641 
Hay yields after control of spittlebugs, 7 
Heliopsis longipes, 554 
Heliopsis sp., insecticidal action of, 554 
Heliothis armigera, 1 
control on tomatoes, 883 
Heliothis virescens, 592 
Helix aspersa, 756 
Helix pisana, 749 
Heptachlor to control onion maggot, 951 
onion thrips, 910 
turf insects, 391 
Hermetia illucens, 31 
Hirsutella Besseyi, 752 
Hirsutella Thompsoni, 752 
Hoidale, P. A., note, 773 
Holly leaf miner, control of, 63 
Homoeosoma electellum, injury to citrus, 948 
Honey, fermentation of in hive, 538 
Honey bees and wild bees, susceptibility of to DDT, 
59 
Honey bees, toxicity of insecticides to, 333 
Honey bee resistance to American foul brood, 562 
Honey locust, mite species on, 397 
Hoplia oregona, larvae on strawberries, 107 
Horn fly, bentonite sprays to control, 111 
control, 557 
Hornworms, control on tobacco, 221 
Horogenes cacoecia, parasite of spruce budworm, 
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Host-ectoparasite relations, 385 
House flies, cytochrome oxidase activity of, 832 
DDT-resistant and non-resistant, 721 
exposure of to pyrethrum residues, 832 
insecticidal control of, 858 
resistance of to insecticides, 832 
toxicity to of DDT and other insecticides, 393 
House flies and larvae resistant to DDT, 105 
House flies and mosquitoes resistant to DDT, 527 
House fly, control of by space spraying, 546 
control in dairy barns, 510, 852 
effect of temperature, humidity and weathering 
on, 864 
insecticides for, 562 
toxicity of organic insecticides to, 864 
unpublished data on, by G. W. Barber, 390 
Howard, Leland Ossian, Obituary, 958 
Howardia biclavis, 745 
Hydrocyanic acid fumigation, 744, 745 
for citrus, 759 
Hyalastinus obscurus, 82 
Hylemya antiqua, control of, 951 
Hylemya brassicae, control of, 899 
Hylobuis radicis, 684 
Hymenia fascialis, control on spinach, 108 
Hypera postica, 374 


Icerya purchasi, 742, 750 
Illinoia solanifolii, 340 
Insect control, trends in, 570 
Insect eggs on airplanes, 555 
Insect pests, control through nutritional require- 
ments, 399 
Insect populations, estimation of, 731 
Insect transportation by airplanes, treatment to pre- 
vent, 66 
Insecticidal activity in relation to molecular weight, 
938 
Insecticidal effectiveness, 503 
Insecticide application equipment for citrus, 761 
Insecticide residues, loss from treated plants, 919 
Insecticides, absorption and translocation in plants, 
338 
and peach flavor, 179 
chlorinated, toxicity of to livestock, 358 
compatibility of, 645 
effect of on flavors, 498 
effect of temperature on toxicity of, 559 
injected, temperature and toxicity of, 663 
method of comparing toxicities of, 45 
organic, toxicity to honey bees, 333 
phytotoxicity of new, to cuculbits, 14 
toxicity of and climate, 602 
Insectivorous birds attacking spruce budworm, 779 
Insects, common names of, 117 
International health program and entomologists, 229 
Iridomyrmex humilis, 754 
Iris whitefly on potatoes, 394 


Japanese beetle, control of by DDT, 586 
Japanese beetle grubs, insecticides to control, 936 


Laemophloeus minutus, 735 

Laphygma exigua, control on tomatoes, 883 

Laphygma frugiperda, 726 

Latrodectus mactans, 343 

Lead arsenate in control of Japanese beetle larvae, 
936 

Leafhopper transmission of blueberry stunt disease, 
658 

Leaf miner, serpentine, on pepper, 732 

Legal entomology, 744 
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Lepidoptera, Frank Morton Jones collection of, 891 
Lepidosaphes beckii, 299, 712, 742 
Lepidosaphes ficus, 730 
Le pidosaphes gloveri, 743 
Lindane to control cabbage maggot, 900 
DDT-resistant flies, 937 
meadow spittlebug, 888 
tomato pests, 885 
Lindane in fly control, 854, 859, 864, 937 
Lindane vapor, toxicity of to insects, 223 
Lindorus lophanthae, 788 
Liquefied gas aerosols for home gardens, 194 
to control citrus red mite, 946 
garden pests, 194 
Liriomyza pusilla, 732 
Livestock, toxicity to of chlorinated insecticides, 358 
Livestock pest control, contamination by insecti- 
cides, 649 
Levin, Marshall D., note, 932 
Lone star tick control, 520 
Lounsbury, C. P., note, 532 
Loxostege similalis, 592 


McAloney, Harvey J., note, 876 
Macrosiphoniella sanborni, 940 
Macrosiphum pisi, 642 
Macrosiphum rosae, 340 
Mangos, control of red mite on, 377 
Mason, Arthur Charles, obituary, 964 
Meadow spittlebug, control of, 7 
on alfalfa, 888 
life history, 905 
Mealybugs, biological control of, 750 
Mediterranean fruit fly, 746, 747 
education program, 748 
Megachile brevis, 61 
Melanoplus differentialis, 281 
femur-rubrum, 185 
Melissodes agilis, 61 
Melittia cucurbitae, 480, 549 
Melon aphid, 744 
Melon aphid control, 444 
Melon fly, applied ecology in control, 877 
DDT in control tests, 879 
Members, list of, 254 
Members, foreign, 740 
Metaphycus helvolus, 744 
mass production of, 755 
Methoxychlor, to control cabbage maggot, 900 
house flies, 855 
spittlebugs, 889 
tomato insects, 884 
Methyl bromide to control larva of white-fringed 
beetles, 25 
Mexican bean beetle control by use of dusts, 188 
Mexican fruit fly, 744, 747 
Microtonus vittatae, 581 
Microsiphum sanbornii, 388 
Milk, DDT in, 656 
Milk contamination by DDT, 723 
Mineola vaceinii, 112 
Mist blower for pea aphid control, 955 
Mites, orchard, control of, 167, 309 
Mites on honey locust, 397 
Morgan, Harcourt Alexander, obituary, 964 
Mosquito larvae, control with DDT in Alaska, 350 
Mosquito repellents, 353 
Mosquitoes, control by aerial sprays in Alaska, 347 
pre-flood treatments with DDT for, 516 
salt-marsh, aerial spray tests on, 506 
thermal aerosols toxic to, 37 
Mosquitoes and house flies resistant to DDT, 527 
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Musca domestica, 31, 214, 390, 510, 527, 562, 670 
Myzus convolvuli, 627 
Myzus persicae, 640 


Nectria diploa, 752 

Nicotine, synergists for, 533 

Nitroparaffin insecticides and cotton insects, 560 
Nomia melanderi, 59 

North Central States Branch, Proceedings, 403 
Nosema destructor, 97 

Nystus californicus injuring cotton, 548 


Oak lace bug, control of, 63 
Oaks, control of Asterolecanium scales on, 494 
Octamethy] pyrophosphoramide, translocation of by 
cotton plant, 620 
toxicity to cotton insects, 620 
Oil concentration in dilute emulsions, 112 
Oils, toxicity of to citrus blackfly, 686 
Oncopeltus fasciatus reared on watermelon seeds, 386 
Onion maggot, method of applying insecticides for, 
951 
Onion thrips, control with sprays, 908 
control with sulphur and DDT dusts, 11 
new insecticides for control of, 690 
Ow’cyte studies in codling moth, 729 
Orange tortrix, 744 
Orchard mites, control of, 167, 309 
Orchestes pallicornis control, 948 
Organic phosphates, toxicity of, 627 
toxicity of vapors to mites and chrysanthemum 
aphid, 940 
Oriental fruit fly, 746 
Oriental fruit fly, progress of research, 677 
Oriental fruit moth larvae, effect of parathion on, 
174 
Orius insidiosus, an enemy of spider mites on cotton, 
567 
Orlon tent for HCN fumigation, 569 
Ornamentals, control of insects on, 63 
Osmia rufa, 59 
Otobius megnina, 392 
Oxygen penetration through petroleum oil, 503 
Ozoganthus cornutus infesting avocado trees, 724 


Pacific Slope Branch, Proceedings, 576 
Parasite of citrus blackfly in Mexico, 380 
Parasites of European corn borer, 427 
Parasites of flea beetles, 581 
Parasitic Hymenoptera, apomictic races of, 719 
Parasitization of syrphid larvae, 109 
Paratetranychus citri, 742 
control by liquefied gas aerosols, 946 
natural enemies, 807 
Paratetranychus pilosus, 220, 309, 637 
yothersi, 377 
Parathion, apple foliage and fruit injured by, 146 
effect of on insects within fruits, 474 
effect on larvae of codling moth within fruits, 949 
injury to plants, 471 
longevity of on field and vegetable crops, 90 
to control bagworms, 109 
cabbage maggot, 900 
Parathion to control citrus blackfly, 769 
citrus pests, 761 
house flies, 864 
Japanese beetle larvae, 936 
plum curculio, 845 
spittlebugs, 889 
Parathion and calcium arsenates, compatibility of, 
645 
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Parathion injury to apple foliage and fruit, 146 
residues on peanut hay, 943 
translocation of, 708 
Parathion-resistant red spiders, 53 
Parathion and oil to control California red scale, 610 
Parlatoria pergandvi, 744 
in Mexico, 770 
Pea aphids, control by dusts, 642 
control with mist blower, 955 
Peach, flavor infected by insecticides, 178 
Peach, Forbes scale as a pest of, 398 
Peach orchards, control of insects in sod, 164 
Peach tree borer, control of, 315 
Peanuts, southern corn rootworm attacking, 22 
Pecan weevil control, 552 
Pectinophora gossypiella, 491 
Pepperrs, serpentine leaf mider control on, 732 
Peridroma margaritosa, 592 
Peterson, Alvah, Book Review, 957 
Petroleum oil layers penetrated by oxygen, 503 
Petroleum oil, to control scale, 557 
Petroleum oil sprays, for citrus insect control, 758 
Philaenus leucophthalmus, 7, 731, 888, 905 
control on alfalfa, 888 
Phosphates, organic, radiobiological study of, 319 
Phosphorus compounds, toxicity of, 281 
Phosphorus and sulphur, compounds of for citrus 
insect control, 614 
Phyllocoptruta oleivora, 299, 742 
Phyllotreta bipustulata, 582 
striolata, 581 
vittata, 581 
zimmermanni, 582 
Pine root collar weevil, control of, 684 
Pink bollworm control in Mexico with DDT, 491 
Pink scavenger worm, 756 
Piperonyl butoxide and pyrethrins to control rice 
weevil, 371 
in fly control, 859 
Plant Quarantine, 745 
Plum curculio control on peach, 843 
effect of parathion on larvae of, 474 
insecticides for control of, 70, 73, 157 
Podonectria coccicola, 743 
Pollen germinating ability of frozen apple, 547 
Polychrosis viteana, 76, 152 
Popillia japonica, 87, 586 
Porthetria dispar, 325 
Potato flavor and benzene hexachloride, 109 
Potato insects, control of with insecticides, 176 
Potatoes injured by Cryptophagus laticlavis, 230 
Potatoes, iris whitefly control on, 394 
Potato leafhopper and hopperburn, 484 
Potato tuberworm, control in California, 396 
Potatoes and tomatoes flavored by benzene hexa- 
chloride, 498 
Proceedings—American 
Entomologists, 235 
Eastern Branch, 232 
Northwest Vegetable Insect Conference, 234 
Profenusa collaris, 694 
Protoparce sexta, 221, 641 
Protoparce spp., control on tomato, 8838 
Psallus seriatus, 282, 596 
Pseudococcus citri, 627, 750 
Pseudococcus gahani, 744, 750 
longispinosus, 751 
maritumus, 751 
on pears, 94 
Pulvinaria sp., control of, 63 
Purple mite, 742 
Purple scale, 742, 744 
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Purple scale, changes in population following sprays, 

298 
entomogenous fungi on, 712 

Pyrausta nubilalis, 4, 17, 340, 407, 415, 422, 433, 
708, 734 

Pyrenone concentrate for fly control, 849 

Pyrethrum in fly control, 859 

Pyrethrum residues, exposure of house flies to, 653 

Pyroderces rileyi, 756 


Quarantine, foreign plant, 139 
Quarantine orders, 746 


Radiobiological study of organic phosphates, 319 
Radioisotopes in entomology, 403 
Rats, brown dog tick on, 722 
Rearing method for flat grain beetle, 735 
Red mite control on avocados and mangos, 377 
Red mites, factors affecting, on pears, 819 
Red spiders resistant to parathion, 53 
Red spiders, toxicity of herbicides to on strawberry, 
568 
Repellents, for American dog tick, 41 
for mosquitoes, 353 
for sand flies, 353 
Residues of insecticides, longevity of, 90 
on citrus trees, 298 
Reticulitermes fiavipes, 59 
Rhinoceros beetle on sugar-cane, 385 
Rhipicephalus sanguineus, 722 
Rhodes grass scale control with oil emulsion, 386 
Rice weevil, control, 371 
ecological studies of, 203 
Oviposition sound and unsound wheat kernels, 
390 
Rocky Mountain Conference to Entomologists, 966 
Rodolia cardinalis, 742, 750 
Rufus scale, 746 
Rust mite, change in populations following sprays, 
298 
Ryania for cranberry fruitworm, 112 
Ryania dusts, activation of, 161 


Saissetia oleae, 744, 751 
Salt-marsh mosquitoes resistant to DDT, 506 
Sand fly repellents, 353 
Sanders, James G., note, 414 
Sanninoidea exitiosa, 315 
Sarcophaga knabii, 31 
peregrina, 30 
Scales on citrus, 742, 743 
Scaphytopius magdalensis, 658 
verecundus, 658 
Scirtothrips citri, 742 
Scolytus, concentrated DDT sprays for, 110 
Screwworm survey in western United States, 387 
larvicides, laboratory testing method for, 558 
Selenaspidus articulatus, 746 
Septanychus sp., 309, 592 
Sex-attractant traps for gypsy moth, 325 
Simulium spp., 696, 702 
Siphona irritans, 557 
Sitophilus oryzae, 203, 371, 390 
Six-spotted mite, 742 
Slide coatings for aerosol droplet collection 
preservation, 953 
Snail, mexican brown, 756 
Sod webworm, mating habits of, 957 
Soft brown scale, 744 
Somatium oviformis and citrus red mite, 808 
South American fruit fly, 746 
Southern corn rootworm, biological control of, 22 
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Space spraying for fly control, 846 
Sphaerostilbe auranticola, 752 
Spider mite on cotton, 614 
control of, 620 
enemy of, 567 
Spider mite, two-spotted, control of, 561 
Spinach, Hymenia fascialis on, 108 
Spinose ear tick in Florida, 392 
Spiraea aphid, 742 
Spittlebugs, estimates of populations, 731 
Sprays for grasshopper control, 185 
Spraying corn with high clearance ground ma- 
chinery, 198 
Spruce budworm, entomophagous enemies, 776 
insectivorous birds attacking, 779 
natural control factors, 774, 782 
parasites, 777 
Squash vine borer, biology of, 481 
reaction to soil treatments, 549 
Stable flies, insecticide control of, 858 
Stethorus picipes and citrus red mite, 808, 826 
Stomorys calcitrans, 31 
Strataegus barbigerus, 385 
Strawberry infested with larvae of Hoplia oregona, 
107 
Strawberry, toxicity of herbicides to red spider on, 
568 
Strawberry weevil, control with DDT and Me- 
thoxychlor, 222 
Sugar cane rhinocerus beetle, 385 
Sulphur and DDT dusts for onion thrips, 11 
Sulphur and entomophagous fungi in control of pur- 
ple scale, 712 
Sulphur and phosphorus compounds to control 
cotton insects, 614 
Sunflower insect control, 181, 477 
Sunflower moth injury to citrus, 948 
Swamp mosquito, habitats of eggs, 547 
Sweet corn, earworm control of, 364, 430 
Symons, T. B., note on retirement, 487 
Synergists for nicotine, 533 
Syrphid larvae parasitized, 109 


Trichlorodipheny] dichlorethane to control clear lake 
gnat, 328 
excretion of in milk from treated cows, 850 
Telford, Paul E., Obituary, 405 
Temperature, effect of on toxicity of insecticides, 
559 
Temperature and toxicity of injected insecticides, 
663 
Tephritid species, fecundity increased by food, 735 
Termite, eastern, toxicity of insecticides for, 57 
treatment with chlordane, 107 
Tetraethyl pyrophosphate for pea aphis control, 955 
Tetragoneuria cynosura, 398 
Tetranychid mites, taxonomy of, 952 
Tetranychus bimaculatus, 167, 309, 561, 627, 633, 
727, 819, 838, 900 
control with azobenzene, 838 
Tetranychus ellipticus, 397 
opuntiae, 614 
praetiosus, 751 
sex-maculatus, 742 
Texas citrus mite, 744 
Thrips tabaci, 11, 690, 909 
Thyridopteryx ephemeraeformis, 109 
Tick, American dog, repelled by treated clothing, 41 
Tick, lone star, control of in Texas, 520 
Tobacco, control of Cotinus nitida on, 295 
control of hornworms on, 221 
Tobacco insects, control of, 640 
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Tomato, injured by parathion and related com- 
pounds, 471 
Tomatoes and potatoes flavored by benzene hexa- 
chloride, 498 
Tomato fruitworm control in California, 882 
Tomato insect control, 883 
Toxaphene to control boll weevil, 447, 892 
house flies, 859 
Japanese beetle larvae, 936 
onion thrips, 909 
spittlebugs, 889 
tomato pests, 884 
Toxaphene residues on peanut hay, 943 
Toxicity and temperature of injected insecticides, 
663 
Toxicity index, improved method, 45 
Translocation of insecticides in plants, 338 
parathion, 708 
Traps, gypsy moth, 325 
Tritolium castaneum, attraction of flour to, 927 
Triphleps sp., predator on red mites, 826 
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Turf insects, new insecticides for, 391 
Two-spotted spider mite, 627 
control of, 627 
reaction to acaricides, 950 
variations in populations, 633 


Vedalia, 742 
Volucella obesa, 31 
Vorhies, Charles Taylor, obituary, 573 


Wade, Joseph S., Note, 487 

Wakeland, Claude, Note, 773 

Walnut aphid control, 448 

Walnuts resistance in codling moth control on, 383 
Wehrle, Lawrence Paul, Obituary, 963 
White-fringed beetle, methyl bromide control of, 25 
White grub control in nurseries, 550 

White-headed scale fungus, 743 

White snail, 749 


Yellow scale, 746 
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carrier and diluent 


SOURCE Attapulgite, an aluminum magnesium silicate. 
Light grey cream. 


Wbbidbtee Non-abrasive. Does not induce abnormal wear on grinding, mixing 
or dusting equipment. 


ALARM «627-31 Ibs./cu. ft. in a packed condition. 
ALISISS Ee 1-2 Microns (surface mean diameter, by air permeation method). 
Neutral. Does not affect acid- or alkali-sensitive materials. 


ADSORPTIVITY Large capacity to accept and carry various types of toxicants. 
: Makes dry, lump-free mixtures containing 50% DDT, 77% BHC, 
40% Toxaphene, 35% nicotine sulfate, 40-50% chlordane. 


VASOGN TIGRR Me = Attaclay has inherent wetting action on “hard-to-wet” toxicants. 
RI aD Ei tiaeee@e Readily disperses to form a satisfactory suspension. 


ASE IISRAGE Accepts higher percentages of difficult-to-process toxicants yet 
stays lump-free. Flows loosely during and after formulation and 
after long periods of storage. 


DUSTABILITY Attaclay-mixed dusts are noted for their ability to flow, disperse, 
settle, cover and adhere. 


DRE TL cee iaaea@m As co conditioner, Attaclay adjusts bulk so that entire 
line of dusts has near-uniform volume. Permits stand- 
ardization of container size and mixing procedures. 
Gives advantage of full flowability. 


er Tei icneae Well established through commercial formulation with DDT, 
BHC, chlordane, Toxaphene, parathion, rotenone, nicotine, 2,4-D, 
ANTU and naphthenate type plant hormones. 


Insecticide dust bases, wettable powders and finished dusts. Carrier for 
impregnated liquid toxicants. 


We invite you to put Attaclay to your most 
exacting tests. Generous sample upon request. 


ATTAPULGUS CLAY COMPANY 
Dept. T, 210 West Washington Square, Philadelphia 5, Pa. 
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For improved production 
at little cost 


we DILUEX-A « 


Liquid Toxicant Formulations 


This highly adsorbent carrier has been developed by the Floridin 
Company for the processing of impregnated concentrates. Origi- 
nally recommended for toxaphene and chlordane formulations, 
DILUEX-A has found preference for more varied uses. Ease of 
handling, increased output, and an improved final product com- 
mend it in grinding and blending operations. Customer satisfaction 
confirms the choice. Adequate unfailing supplies of DILUEX-A 
is a practical consideration. Take a look at the following data and 


ask for any further information that you would like. 


Properties of DILUEX-A 


Color: Light grey to cream 
Composition: Aluminum magnesium silicate (Florida Fullers 
Earth) 
Bulk: 19 to 21 lbs. per cubic foot, loose 
33 to 36 Ibs. per cubic foot, packed 
Mesh: 90 to 95% finer than U. S. 325 
Specific Gravity: 2.2 to 2.4 
Surface Mean Diameter: 1.5 to 1.7 microns 
pH: 6.8 to 7.1 (AOAC method) 
Abrasiveness: Lowest rating 
Adsorption: Adequate for impregnating liquid toxicants at 
recommended concentrations 
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ZFLORIDIN COMPANY 
4% WARREN, PA J 
QUINCY.FLA. = AMIESON, FLA. 


FLORIDIN COMPANY 


Adsorbents Desiccants Diluents 


Dept. P., Liberty St., Warren, Pa. 
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PICK GEIGY AGRICULTURAL CHEMICALS 


BHC 
*3-5-40"' and other cotton dusts; 6% 
gamma wettable. 
TOXAPHENE 
Gy-Phene ‘'40-20"' emulsifiable (4 Ibs. 


toxaphene, 2 Ibs. DDT per gal.); Gy- 
Phene E 40, E 50 and E 60 emulsifiables 
(4, 5 and 6 lbs. toxaphene per gal. 
respectively); 40% dust base; 40% 
wettable powder; dust mixtures with and 
without sulphur. 


LINDANE 


25% wettable dust; 20% emulsifiable; 
dust mixtures. 


PARATHION 
25% parathion emulsifiable; 15% wet- 
table powder; 1% and 2% dusts. 


ALDRIN 
25% emulsifiable; ‘'10-20'' emulsifiable 


(1 Ib. aldrin, 2 Ibs. DDT per gal.); dusts 
with and without DDT and sulphur; 25 % 
dust concentrate. 





ORIGINATORS OF 


GEIGY COMPANY, INC. 


DDT 
50% wettable; 50% dust; 25% emul- 
sifiable (xylene type for crop use and 
high flash type for indoor use); 30% 
and 34% solutions; 10% impregnated 
dust base; regular and impregnated 
dusts with and without fungicides. 


PURIFIED DDT 


50% wettable powder; 10% impreg- 
nated dust base; 20% emulsifiable; 
dust mixtures regular and impregnated, 
also with copper. 


METHOXYCHLOR 


50% wettable powder; 25% emulsifi- 
able; dust mixtures—regular and im- 
pregnated. 


CHLORDANE 

40% dust base; 40% wettable powder; 
42% and 73% emulsifiables (4 lbs. and 
8 Ibs. per gal.); dust mixtures with and 
without DDT and sulphur. 

WEED KILLERS 
Based on 2,4-D, 2,4,5-T, TCA and 
pentachlorophenal. 


E DDT INSECTICIDES 


89 Barclay St., New York 8, N. Y. 
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OWS) 
toxapherfie 


A summary of current U.S. federal or 
state recommendations together with 
technical data on toxaphene (chlorin- 
ated camphene 67-69% C1) is available 
on request from: 


HERCULES POWDER COMPANY 


NCORPORATED 


991 Market Street, Wilmington 99, Delaware 
MAKERS OF TECHNICAL TOXAPHENE FOR AGRICULTURAL INSECTICIDES 


Toxaphene Will 
Kill These Pests 


ALFALFA WEEVIL 
ARMYWORMS 

ASTER LEAF MINER 

BEEF CATTLE LICE 

BEEF CATTLE TICKS 
BLISTER BEETLES 

BOLL WEEVIL 
BOLLWORM 

CHINCH BUG 

COTTON APHID 
COTTON FLEAHOPPER 
COTTON LEAFWORM 
FALL ARMYWORM 
GARDEN WEBWORM 
GOAT LICE 
GRASSHOPPERS 

GREEN CUTWORM 

HOG LUCE 

HORN FLY 

LEAFHOPPERS 

PEAR PSYLLA 

RAPID PLANT BUG 
SALT-MARSH CATERPILLAR 
SERPENTINE LEAF MINER 
SHEEP TICK 

SOUTHERN GREEN STINK BUG 
SPITTLEBUG NYMPHS 
SUGAR BEET WEBWORM 
SWEET CLOVER WEEVIL 
TARNISHED PLANT BUG 
THRIPS 

TOBACCO BUDWORM 
TOBACCO HORNWORM 
TOMATO HORNWORM 
TOMATO PINWORM 
VELVETBEAN CATERPILLAR 
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